ESQOYAAO 
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5-1 EIEAmrH 



H xaxoxpxa Kai p smxaxovap xcov acopaxcov, KaOcoc Kai xa psys0p 
noo opiCovxai ps Paap aoxa, oncoc p KivpxiKp svspysia Kai p oppp, avpKoov 
axpv Kaxpyopia xcov psysBcov noo Ssv t/ovv pia povo xipp. H xipp xooe sqap- 
xaxai and xo nod ppiaKsxai SKsivoc noo xa psxpasi. 'Exai, o sniPaxpc; xoo xps- 
voi) vopiCsi oxi o aovsmPaxpq xoo sivai aKivpxoq, opcoc svac napaxpppxpc; 
axpv anopdOpa xoo axaOpoo xov P Afina va Kivsixai ps xpv xaxoxpxa xoo xps- 
voo. 'Oxav avacpspopaaxs axa psys0p aoxa, ycopic d/Ap SisoKpivpap, 0a swo- 
oops xic xipsc noo PpioKsi svac napaxpppxpc aKi'vpxoc navco exp I p. 

Oi napaxpppxsq, noo nspiypacpoov ps Siacpopsxuco xpono xpv Kivpap 
xcov acopaxcov, npsnsi va aovswooovxai psxa£,6 xooc. S' aoxf| xpv avayKp 
avxanoKpi0pKs o I aAiAaioc ps xooe psxaaxppaxicpooc xoo, noo snixpsnoov 
va psxaxps\|/oops xa SsSopsva xpc; Kivpapq as sva aoaxppa avacpopaq as Ss- 
Sopsva yia sva dAAo aoaxppa avacpopdc noo Kivsixai ps axa0spr| xaxoxpxa 
coq npoc xo npcoxo (aSpavsiaKo aoaxppa). 

Sxp ps/xxp xcov npoPAppdxcov pac pnopoops va smAs£,oops xo aoaxppa 
avacpopdc xpc Kivpapc, ps axoxo va Kavoops xooc onoAoyiapooc pac oao yivsxai 
anAooaxspooc, Xoyvd, cog aoaxppa avacpopdc naipvoops aoxo noo aovSssxai ps 
xo Ksvxpo pdcac xoo aoaxppaxoc. 'Eva xsxoio aoaxppa avacpopdc, A.y, 0a Sisoko- 
aovs xp ps/xxp xpc Kivpapc; xcov nopaoAcov, noo ycopic aoxooc oi yvcoasic pac yia 
xo p/daxo aoaxppa 0a pxav no/,6 cpxcoyoxspsc. 




Eik. 5.1 Ekto^sdoti SiaairujiKoi) Xscocpopsioo. 



Tsaoc, oxi povo i] xaxoxpxa xcov acopaxcov aAAd Kai p xaxoxpxa xcov ko- 
paxcov sqapxdxai and xp axsxiKp Kivpap npype - napaxpppxp. Aoxo appaivsi oxi 
SiacpopsxiKoi napaxpppxsc avxiAapPavovxai ps Siacpopsxuco xpono xo (Sio Kopa. 
To cpaivopsvo Doppler, oncoc sivai yveoaxo, xo aqioncnouv yia xp psxppap xpc xa- 
Xuxpxac xcov aoxoiavpxcov p xcov asponAdvcov ps xo pavxap, oi aaxpovopoi yia va 
napaKoAooOpaoov xpv idvpap noAo paKpivcov oopavicov acopaxcov, aAAa Kai oi 
yiaxpoi yia va napaKoAooOpaoov xp pop xoo aipaxoc, 

5-2 KPOYEEE 
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'Oxav duo 00410.10 ooyKpoixovxax, yxa 7to.pa6ayf.1a oxav xxiiTtdvs 660 putd- 
as; xoxx pm/adpoou (ox. 5.1), r| kivi]xxkt| Kaxdaxaai] xoxx; p xoiiAdyioxov svo; and 
axxxa psxaPaAAsxax arroxopa. Ov ajroxops; axxxs; aX'kay&z xr|; k'lvpoi]; TtpokaAou- 
vxav ano xic loyopdc duvdpsic rail) avojtxdooovxoi avapsoa axa ocopaxa Ttoxx 00- 
ykpoixovxai, Kaxa xi] StapKsxa xi]c S7tacpf|; xoxx;. 

H dwOlO T1]C KpOlXOI]; t/VA S 7 tSKXa 0 SX KO.l OXO piKpOKOOpO OTtOXX oxx- 
pTtspt^apPavsi Kav cpaxvopsva 07 toxx xa ''oxxyKpoixopsva" ocopaxxSxa 5 sv spxo- 
vxav os sjtacpf). I 1a TtapaSsxypa oxav sva ocopaxlSxo a (7txxpf|va; He) Ktvsixax 
Ttpo; sva d.AAo Ttixppva (n), 01 a/ApASTiiopdosi; xoxx;, xtou sxvax 7toA,xx aoOsvsi; 
oxav ppioKovxai pakpid, yxvovxax rax/ax layups; oxav xa 00410x1810. Tt/poid- 
ooxxv ps araxxsAsopa xpv araxxopp a.AAo.yi] oxi] v KxvpxxKp xoxx; Kaxaoxaop. H 
XpoviKi) SvapKsva psxaPoAp; xp; KivpxiKp; xoxx; Kaxaoxaoi]; sxvax raxAu piKpp. 
Av pnopoixoaps va Kxvppaxoypacppooxxps xo cpaxvopsvo 0 a P^sxtaps oxx poxa- 
^sx ps xi] oxr/KpouGi] 8 x 3 o ocopaxcov, povo Ttoxi sSo'i xa oo'ipaxa 8sv spxovxax os 
sjtacpi] . Ovopdcoups, A.outov, Kpoxxoi] Kax Ka 0 s cpaxvopsvo xoxi pxKpoKoopoxx, 
oxo OTtoxo xa "ooykpoijopsva " ocopaxxSxa, aAApASTtiSpouv ps oxsxxKa psya- 
A,s; Sxxvapsx; yxa raxAu pxKpo yjxcxvo. To cpaxvopsvo axxxo oxi] ouyyjxovp cpixoiKp 
ovopdysxai Kax GKsSaap (ox- 5 . 2 ). 




Z/. 5.1 Kpooari avafisaa as 6 x 10 
fuiaXsi; fuiiXiapSox). 




Z/. 5.2 Kpodari svo<; acofumou a, ps ap/uca cudviyro 

7 ivpi]va. 



AvdAoya ps xi] Sxsx30ixvap Ttoxi kivouvxai xa ocopaxa Ttpxv oxxyKpoii- 
oxoxxv ox Kpoxxosx; SxaKpxvovxax os ksvxpxks;, skksvxps; Kax ttAdyis;. 

KsvxpiKX), (f| psxcoTtxKp) ovopdpsxai i] Kp oijoi] Kaxa xpv o7toxa xa Sxavxxopaxa 
xcov xaxxxxpxcov xcov Ksvxpcov pd;a; xcov ocopaxcov ttoxx oxxyKpoxxovxax Ppxoko- 
vxax Ttavco oxr|v xSxa sxx0sxa. Av xa ocbpaxa 7toxx oxxyKpoxxovxax sxvax ocpaxps; 
Kax i] Kp oxxoi] xoxx; sxvax KsvxpxKp, ox xaxoxpxs; xoxx; psxa xpv kpoxiop 0a ppx- 
OKovxax sraop; oxpv xSxa (apxtKp) 8xsx>0ixvap (ox- 5.3). 




7lplV XT|V Kpoixoi] 



-F < i ~'k -i ►F 




pexa xpv Kpoixap 



Z/. 5.3 Ksvipiki] Kpoixap psxa^xi 800 acpaipcbv. 

'EKKSvxpi], ovopdCsxai i] kpoixoi] oxpv 07toxa ox xaxuxpxs; xcov Ksvxpcov pdila; 
xoov ocopaxcov Ttoxx oxxyKpoxxovxax sxvax JtapdAApAs; (ox- 5.4a). 
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Il/.uyiu ovopdCsxav r| Kpouop av ov xayuxpxsq xcov ocopaxcov PpvoKovxav as 
xir/aif-q 8vso0ovosvq (ay. 5.4P). 




Zy- 5.4 (a) SKKEVipri Kpoi3c>r|. 

((3) nMyia Kpoi3c>r|. 




Eik. 5.3 Ai3o acopana a cru- 
yKpcuovTai. To sva, npiv ir|v 
Kpotiari, piay npaKiiKa aKivr|io. 




Eik. 5.2 FEdyia Kpovari 



H 5iaxrjppop xp<; opppc oxig KpoocEicq. 

Ewsv8p r| Kpouop svvav eva cpavvopsvo now SvapKsv woAo Aiyo ypovo, ov 
co0posvc; xcov s^coxspvKcov Sovapscov - av uwdpyouv - svvav apsXpxssq Kaxa xp 
SvapKsva xpq Kpouapq. To ouoxppa xcov ocopaxcov woo ouyKpouovxav pwopsv 
va 0scopp0sv povcopsvo, yva xp ypoviKp SvapKsva xpc Kpooopq, swopsvcoq p 
oppp xoo oocxppaxoc; Svaxppsvxav. 

H oppp svoq oooxppaxoq ocopaxcov, Kaxa xp SiapKsia xpq Kpoo- 
opq, Siaxppslxav. 

Av pupjv p oppp xoo oucxppaxoc apsocoq Ttpvv xpv Kpouop vcav p u; - X(i p oppp xoo 
oocxppaxoc; apsacoq psxa xpv Kpouop, layout: 



Pnpiv Pjiexa 



H Evspysia oxic Kpcntosic 

Kaxa xp coy Kpouop Suo ocopaxcov sva pspoq xpc ppyaviKpq xouq 
svspysvaq psxaxpswsxav os 0sppoxpxa. Ixpv vSavvKp wspvwxcocp 7iou p ppya- 
vvkx| svspysva xcov ocopaxcov Ss psxaP&A.A.sxav ps xpv Kpouop, p Kpouop ovo- 
pdCsxav s/.aoxiKp . EwsvSp p Kpouop svvav sva cpavvopsvo aps^pxsaq ypovvKpq 
SvapKsvaq, p SovapvKp svspysva xcov ocopaxcov -woo scapxdxav awo xp 0sop 
xouq oxo ycopo- 8s psxaPdAAsxai. Ewopsvcoq : 

E/.uoxiKp svvav p Kpouop oxpv owoia Siaxppsixai p KivpxiKp 
svspysva xou oooxppaxoq xcov ooyKpooopsvcov ocopaxcov. 
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Ixo paKpoKoapo p sAaaxiKp Kpooap oototsXsv pux s^iSaviKsoap. 
npoasyyiaxiKa SAaaxiKp p7topsl va 0scopp0sl r| Kpooap avapsaa os 800 jioAo 
aK/.ppd acopaxa, imcnq avapsaa as Soo p 7 idAsq too p7tiA,iapSoo. Ixo pucpoKo- 
apo opcoc; scoops Kpooasvq aTtoAmcoq s^aaxiKsq oncoq aoxf| 7too 7ispiypai|/aps 
Ttpopyoopsvcoq avapsaa axo acopaxio a Kai xov Ttoppva. 

AvsXaoTiKfj, ovopuqsxc/i p Kpodorj axpv ojroia sva pspoq xpq c/p/iKpc; 

KivrjxiKrj^ svspysu/q xwv ocopaxcov psTaTporsTai os GsppoTpTa. 

Mia si 8 iKf| 7 rspi 7 txcoap avsA.aaxiKpq Kpooap c; sivai sKslvp 7100 oSpysl 
axp air/KOAApap xcov acopaxcov - exp op p toopy (a aoaacopaxropaxoq. Aoxp p 
Kpooap ovopdcsxai Tr/.aoxiKp 



5-3 KENTPIKH EAAXTIKH KPOYSH AYO EOAIPQN 




Eik. 5.4 H Kpoucrri avapsaa aia 
amoKivr|Ta -rng siKovag sivai axs- 
66v 7iAaaiiKr|. 



Aoo acpalpsq I| Kai Z 2 ps pdCsq m\ Kai m 2 Kivoovxai ps xaxoxpxsq Oi 
Kai 02 , 6 Time axo axppa 5.5. Oi acpalpsq aoyKpooovxai KsvxpiKa Kai sA.aaxiKa 
Kai psxa xpv Kpooap sxoov xa'/oxpxsc o, ' Kai 02 '. Eav yvcoplCpops tic xaxoxp- 
xsq xov acpaipcbv Ttpiv xpv Kpooap Kai xiq pdCsq xooc pnopoops va imoAoyl- 
aoops xiq xaxoxpxsq xooc psxa xpv Kpooap. 




TIpIV xpv Kpooap 



£x- 5.5 



I ia xpv Kpooap laxdoov : 



m l v l + m 2 v 2 = m l v l + m 2 v 2 

1 2,1 2 1 ' 2,1 r 2 

— m,v, + — m^v 2 = —m,v, + — 

2 2 2 2 




psxa. xpv Kpooap 



(Siaxpppap xpe; opppq) (5.1) 
(Oiaxpppcp xpe KivpxiKpq 
svspysiaq) (5.2) 



p (5.1) ypacpsxai Kai 

/7Zi(Ui -V l ')=m 2 {v 2 -V 2 ) 



(5.3) 



sv© p (5.2) ypacpsxai 

m l (vf -V l ' 2 )=m 2 (v 2 ’ 2 -V 2 ) (5.4) 

Aiaipoops xiq (5.4) Kai (5.3) Kaxa psA.p Kai pplaKoops 

Uj +Vi =V 2 ' + V 2 (5.5) 



h7TiAoovxac to aoaxppa xcov (5.1) Kai (5.5) coq xcpoc u t ' Kai v 2 ' PplaKoops 
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(5.6) 




5.6 Av r| Kpoi3or| sivai sXa- 
otikt] r| ocpaipa avaKMxai ps xa- 
XiiiiiTa i5iou psTpov. 



2m-, m . -m, 

V l = — 1 A +— 1 V ! 

m , + m 2 m, + m 2 



Kav 



V , 



2m, 

— 

m 1 + m 2 



m, - m , 

+ — -v 2 

m x + m 2 



(5.7) 



Ermevcoar) : Kara xov vmoEoyvapo xcov xcr/_oxf|xa)v xcov acpavpcbv xmoOsaaps 

oxi oi acpavpsq psxa xr|v Kpouar| aovexv^ouv va Kvvouvxav Jipoc; xr|v v§va icaxsij- 
Oi)vor|. Av psxa xic 7rpdcsic jtpoid)\|/£v apvr|xvKf| xvpf| yva xr|v v,' 0a aupvtspa- 
voops oxi r| Ei aXka^E cpopa kivr| ape psxa xr|v Kpovvarj. 



Exrjv 7r£pl7TXCdOr] 07T0V) 111 ! = m 2 

ov (5.6) Kav (5.7) yvvovxav 

Vi =V 2 Kav v 2 = Oj 

Ar|/,a5f) oi ccpaipsq uvxu/./.ciaaoviv xaxtixuxsg. 



Exr|v 7rv:pv7TTOvfni not) p E 2 rjxav uKvvpxp 7rpiv xriv Kpoviap (o 2 = 0) 

ov (5.6) Kav (5.7) yvvovxav 



Kav 





(5.8) 

(5.9) 



5-4 EAAXTIKH KPOYEH ZOMATOX ME AAAO 
AKINHTO no AY MErAAHI MAZAI 

Av r| acpavpa E 2 xpq 7tpor|yo6psvr|<; napaypacpov) sxsv 7toA.6 psyaA.6xspr| 
pdCa avto xr| Ei Kav svvav aKvvr|xr| 7tpvv xr|v Kpouor| ov axsasvq (5.8) Kav (5.9) 
divouv 



= -U, 



Kav V 2 = 0 

Ar|Ea8r| r| acpavpa piKpfjq pdCaq avaicEaxav ps xcr/i)xr|xa vSvoo psxpoo Kav 
avxv0sxr|q cpopaq avto aoxf|v now svxs rcpvv xr|v Kpoviap. To acbpa psydAr|c pa- 
Caq Tiapapsvsv npaKxvKa aKvvpxo. 

Eupcpcova ps xa TvapaTiavco oxav pva acpavpa piKpfjq pdCac JtpoaKpodsv 
sAacxvKd Kav Ka0sxa axpv sjncpavsva svoq xovxoo f| axo SootsSo avaKAcvxai ps 
xaxoxpxa vSvoo psxpoo Kav avxv0sxr|q cpopaq (ax- 5.6). 
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Xxpv TtspvTtxcoap jvoo p acpavpa npooKpodsi skaaxvKa Kav nXayia as 
svav xovxo avakdoops xpv xaxdxpxa xpc as Sdo aovvaxdvasq, xr| pva (o x ) Ka- 
0sxr| axov xovxo Kav xr|v d/Ap (o v ) JvapdAApAp ps aoxov (ax- 5.7). 

Zdpcpcova ps xa Tvapandvco p KaOsxp axov xovxo aovvaxcoaa xpc 
xaxdxpxaq 0a a/Adcsi cpopa Kav 0a Svaxpppasv xo psxpo xpc (o x '= -o x ). 

H Sdvapp 7too aaKsvxav exp acpavpa Kaxa xpv Kpodap svvav KaOsxp 
axov xovxo, apa p y aovvaxcoaa xpc xaxdxpxac 8s psxapdAAsxai (o y '= o y ). 

To psxpo xpq xaxdxpxac psxd xpv Kpodap svvav 

v' = ^v x ’ 2 +v ; 2 = ^Jv x 2 +v y 2 =V 

opAaop xo psxpo xpc xaxdxpxac xpc acpaipac 8s pExa(3dAAsxai. 

Av n Kav a ov ycovvsc tvoo axppaxicoov p o Kav p o', avxvaxovxa, ps 
xpv KaOsxp axov xovxo vaxdsv 

V , V 

T)iiK = — Kav rina = — 

V v' 

opcoq V y = V ' Kav V-V ' 

07T0XS TJH71 =rifi a 

Kav K = a 

ApA.aSp p ycovva 7ip6a7ixo)apc xpc acpaipac svvav lap ps xp ycovva avc/KAaopc. 

riAPAAEITMA 5.1 

BAppa pdilac 777=0,02 kg vavsvxav opiCovxia ps xaxdxpxa o=200 m/s Kav acppvcovexav as aidvpxo cpAo pdCac 
M= 0,98 kg tvoo PpvaKsxav Jtdvoi as opiCovxio sttvtvsSo. Na PpsOsv a) p xaxdxpxa xoo aoaacopaxcopaxoc psxd xpv 
Kpodap, P) p ppxawicp svspysva tvoo xdOpKs Kaxa xpv Kpodap, y) xo Svaaxppa tvoo 0a Svavdasv xo aoaacopaxcopa 
psxpv va axapaxpasv. O aovxsAsaxpc xpippc xoo aoaacopaxcdpaxoq ps xo opiCovxio stcvtvsSo svvav fl K = 0,5. 

Ajrdvxpap : 

a) 'Eaxco V p xaxdxpxa xoo aoaacopaxcopaxoc apsacoc psxd xpv Kpodap. 





I x 

Z/. 5.7 Av r] Kpauari sivai sXa- 
otikt| r| acpaipa avaKXaxai ps xa- 
%uxr|xa iSioo psxpou Kai p ycovva 
jtpoaTtxcoapc; sivai iap ps xp ycovia 
avaKXdopc;. 



5.8 

XopPoAiCoops ps p spiv xpv oppp xoo aoaxppaxoc apsacoc Ttpiv xpv Kpodap Kav ps p M , ;T( ; xpv oppp apsacoc 
psxd xpv Kpodap. 

Pitpiv Ppexa 

t7uAsyovxac OsxvKp KaxsdOovap Ttpoc xa Ssad (ax- 5.8), p apxp Siaxpppapc xpc opppc ypacpsxai aA.ysPpvKa:. 

jflD 

mV = (M + m)V apa V = = 4 m / s 

M + m 
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P) H pp%avvicp svspysva woo j(d0pKS Kaxa xpv Kpouap svvav 

K V „~K^ = l mv 2 -l(M + m )V 2 =392J 

y) E^appoCovxaq xo 0s©pppa spyoo - svspysvaq yva xo aoaa©pax©pa scoops 

K apx + W w + W n +W^=K TEX f| ^(M + m)V 2 -/J K (M + m)g S = 0 dpa 

V 2 

s = = 1,6 m 

2p K g 



FfAPAAFIFMA 5.2 



Auo acopaxa ps p&Csq m , =2 kg Kav m 2 = 3 kg Kvvouvxav as KaOsxsq 8vsu0uvasvq ps xa%uxpxsq 
o,=l Om/s Kav 02=5 m/s Kav Kawova axiypf) auyKpouovxav wAaaxvKa. Na Pps0sv p xayuxpxa xou auaampax©- 
paxoq now Sppvoupysvxav cmo xpv wAacxvKp Kpouap x©v Suo a©pax©v. 



Amivxpap : 



'Eax© V p xa%uxpxa xou aoaa©pax©paxoq apsa©q psxa xpv Kpouap. 

Av p n(KV p oppp xou aoaxppaxoq apsa©q wpvv xpv Kpouap Kav p UCT( j p 
oppp apsaroq psxa xpv Kpouap 0a svvav 



Piupiv Ppsxa 

AvaAooops xo Svavoapa V as Suo auviaxo'vasc xp V x Kaxa xpv Svso0ovap 
x Kav xp V y Kaxa xp Svso0ovap y (a%. 5.7). 'Oxav Suo Svavuapaxa svvav 
vaa, svvav vasq Kav ov auvvaxcbasq xouq, swopsvroq 



P,p.v=P^Td «P a 



n mv _ 

Jr x r x 



pT 



P era 

f v 



m l v l = (/ h , + m 2 )V x 
m 2 v 2 = (m { +m 2 )V r 




m 2 
Z Z . 5.7 




and onov PpvaKoups 



YYl 'U 

V x = — — = 4m / s Kav V 

m , +m 2 

V = y/(V x ) 2 + ( V y ) 2 = 5m / 5 Kav 



m2 ° 2 =3m/ s Kav 

m ! + m 2 




3 

4 



5-5 AAPANEIAKA KAI MH AAPANEIAKA 
XYXTHMATA 

H Kvvpap svoq av0p©wou o owovoq psxaKvvsvxav wav© as sva waovo 
woo tv Asst Kaxa ppKoq xpq aKxpq 8s yvvsxav avxvApwxp ps xov vSvo xpowo ano 
sva wapaxpppxp woo Ka0sxav axo Kaxaaxp©pa xou wA,ovou Kav and sva wapa- 
xpppxp 7iou Ka0sxav axpv aKxp. 

Exp vpuap xa wavxa ppvaKovxav as Kvvpap. 'Oxav PpvaKopaaxs psaa as 
sva aoxoKvvpxo woo Kvvsvxav, auvpO (Coups va avxipsxcowiCoups xo Spopo ©q 
aKvvpxo. 'Op©q 8sv svvav aKvvpxoq. OA.oKA.ppp p I p wspvaxpscpsxav, yup© and 
xov sauxo xpq Kav yup© and xov 'HAvo. Ooxs Kav o 'I I/aoq svvav aKvvpxoq, Kvvsv- 
xav axo Svaaxppa. 
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E/. 5.9 H Kivr|or| svo<; avOpcb- 
Jiov oto Kaidaxpcoixa 8s yivsxai ps 
tov iSio Tpono avn>.r|jiTf| and tca- 
jioiov hod PpioKsiai oto 7tXolo Kai 
ano KaTioiov jiod ppiaKsxai axr|v 
aKXT|. 



IIpoKsvpsvon va wspvypav|/onps xr|v Kvvpap svoc; ampaxoq, 0smponps 
an0avpsxa sva x<bpo aKvvpxo Kav psksxaps xpv Kvvpap me wpoc xo x®po anxo. 
'Exai oxav avaepspopaaxs axpv Kvvpap svoc; anxoKvvpxon 0smpobps xp l b] aKv- 
vr|xr|. 'Oxav psksxaps xpv Kvvpap xmv wAavpxobv, 0smponps xov 1 1/ao aKvvpxo. 
O yobpoc woo Ka08 epopa 0smpsvxav aKvvpxoc Kaxa xr| psksxp piac Kivpape, 
ovopdCsxav ebaxppa avaepopaq. 

npoicbwxsv so A.oy a xo spmxppa, wovo abaxppa avaepopde wpswsv va 
SvaAsyoops Ka0s epopa yva va psAsxpaoops pia Kvvpap; 

H wpcbxp awavxpap svoc popavxvKob 0a pxav oxv owovoSpwoxs ab- 
axppa avaepopde Kav va SvaA,&;oops 0a pxav xo vSvo pva Kav av ov epoavKov pac 
vopov svvav arnaxov wpswsv va vaxboov as owovoSpwoxs abaxppa. 

Zxpv wpdqp opmc, Kawova aoaxppaxa avaepopde svvav two (bo/aKd and 
Kawova dAAa axp psAbxp xmv epavvopsvmv. 




Aq owoOsaoops oxv KaOebe xaaSsboops ps sva woAvtxsAsc xpsvo so0b- 
ypappa opaAa wav^oops pwvAvapSo. O wavKxpe; pwopsv va wpopAsvpsv xo mbq 0a 
KvvpOobv ov pwdA.se psxa and sva Kxbwppa xo vSvo KaAd owrnq av xo xpsvo 
pxav aKvvpxo. Av 6 pace Kaxa xp SvapKsva xoo wav%vv8vob xo xpsvo psxapdAsi 
xpv xcr/bxpxd xoo o wanevpq 0a Pps0sv wpo SKWApesroc yvaxv ov pwdA.se 0a 
Kvvobvxav ps svav awpoaSoKpxo xpowo xov owovo pd/aoxa Ssv 0a pwopsv va 
spppvsbasv sbKoAa pva Kav 8sv owapxoov wpocpavsve Sovdpsve psaa axo 
abaxppa xoo woo va aovSsovxav ps xpv Kvvpap xmv acpavpmv. 

O wanevpq, av yvmpiCsi epoauep, 0a avapmxp0sv ppwroq Ssv vaxbsv o 
wpcbxoq vopoq xoo Newton (vopoq xpq aSpavsiaq) abpcpmva ps xov owovo sva 
acopa jravw axo owovo 8sv aaKobvxai Sovdpsve slxs ppspsv slxs Kivslxai 
vaoxoycSe Opcoc svaq wapaxpppxpc won svvav aKvvpxoq sem awo xo xpsvo pwo- 
psv va spppvsbasv pva yapd xpv Kvvpap xmv acpavpmv pXswovxaq oxv xo 
xpawsip xon pwi/ndpSon axptpsv pact ps xo xpsvo Kav oxv ov acpaipsc 
aovsyiconv va Kvvonvxav sn0v3ypappa opaAd, cvwcoc opiCsi o wpcbxoc vcvpoc xon 
Newton. 

Oavvsxav Aoiwcvv oxv sva aKvvpxo xpsvo, f| sva xpsvo won Kvvsvxav ps 
axa0spr| xayuxpxa svvav po/nKd anaxppaxa avaepopde, as avxiOsap ps sva 
xpsvo won p xaxvvxpxa xon psxaPdAAsxai, yvaxv cxic 8no wpcbxsc wspiwxobasic p 
KvvpxvKp anpwspvcpopa xmv ampaxmv spppvsusxai aw/.d ps xp xppop xmv Pa- 
avKrnv vopmv xpe ppxaviKpc. 




E/. 5.10 Eti| 8si)Tspi| 7tspijtTO)C5r| 
7toi) to aaavasp STniaxovsiai ^vya- 
pia PpiaKsi to acbpa PapbTspo a7io 
oao sivai ott|v 7ipaypaTiK0TT|Ta.. O 
7tapaTr|pr|Tr|<; kov PpiaKSTai psoa 
oto aoavasp aSovaTst va Sebasi 
s^pyiiail. 
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5.11 Evcb and XT'! Til r| 
Es>.^vr| (paivsxai va Kivsixai ku- 
k>.ikci, and to Siaaxripa r| Kivr|or| 
tt|(; 6a pnopoiias va cpaivsxai onco; 
axo ayr|pa. 



Ta aoaxTipaTa avacpopaq axa onoia ur/vsi o vopoq Ti]q aSpavEiaq 
tod Newton ovopdqovxui aSpavsiaKd onoxripaxa. 

'Eva anoxripa avacpopaq ttou Kiveixai pi: oxaGsprj xa/oxpxa as a/sai] 
ps eva aSpavEiaKO anaxripa rival Kai anxo aSpavEiaKO anaxripa. 

Ta miaxrjpaxa avacpopaq axa onoia 8£v icyoEi o vopoq Tpq aSpa- 
VEiaq xoii Newton ovopdqovxui pp aSpuvEioKd mxrrijpaTa. 

Eva anaxripa avacpopaq tioo Enixa/dvExai os c/egti ps Eva aSpa- 
vsiaKO onoxripa sivai pp aSpavEiaKO aijaxppa. 



5-6 EXETIKH TAXYTHTA EE AAPANEIAKA 
EYETHMATA 

H xa%6xr|xa svoq Kivoopsvoo acopaxoq 5s yivsxai ps xov iSio xpono 
avTiAi]7ixp ano oAooc xooq Ttapaxpppxsq. 

'Evaq dvOpoiJTOc KaOiaxoq psaa a£ sva xpevo non Kivsixai ps xaxoxpxa 
n Oscopsixai oxi sivai aKivpxoq coq npoq xo xpsvo aXka Kivsixai ps xayiixpxa n 
coq npoq sva napaxr|pr|xr| non sivai aKivr|xoq axo aioppoopopiKo axaBpo Kai 
TiapaKoAouOsi xo xpsvo. 

Eav nd/n o smPaxriq xoo xpsvoo nspnaxasi ps xaydxpxa o, psaa axo 
xpsvo axp cpopa Kivr|apq xoo xpsvoo sysi xayoxrixa t)i, coq npoq xo xpsvo, aXkd 
xayiixpxa o + o , yia xov aKivpxo napaxr|pr|xf| axov axaBpo. 



Zy. 5.12 H TayuTT|Ta svoq s m- 
(3aTT| TOT) XpSVOD, yiVSXai OVxd.T|- 
7ITT) ps SiacpOpSTIKO XpOJXO 0710 sva 
7tapaTT|piiTii A jiot> fSpiaKsxai aKi- 
vt|to<; psoa oto xpsvo Kai ano 
Kanoio 7tapaTT|ppTii B noo sivai 
aKivr|TO<; axo oxaGpo. 



y 




P 



X 

Zy. 5.13 H 0sax| svoq acopaxoq 
7iot) sktsA-si n>.ayia PoAiy npoaSio- 
piqsxai Ka0s oxiypp ano xiq av- 
vxsxaypsvsq xov x Kai y. 



Tia xr| psAsxp xi] q Ki'vpapq sivai anapaixpxoq o KaBopiapoq xpq Bsapq xoo 
acopaxoq Ka8s axiypiy El 8sai] svoq acopaxoq axo ycopo npoaoiopiqsxai ano xiq ao- 
vxsxaypsvsq xoo (x, y, z) as ova xpiaopBoycovio aoaxppa aqovcov. Ixi]v nspinxcoat] 
Ttoo i] Ki'vpai] xoo acopaxoq yivsxai navco as s7ti7is8o apKoov 8oo aovxsxaypsvsq. 
Epsiq 8a aayoAi]6oops povo ps xsxoisq Ttspuixo'iasiq. Ta aopTispaapaxa tioo 6a 
pyoov siiKOAa ysviKsoovxai Kai axov xpia8iaaxaxo yo'ipo. 

E7tsi8r| i] psAsxi] piaq Kivi]ar]q ayExiCsxai Ttavxa ps koutoio coaxrpia 
avacpopaq, sivai a7iapaixr]xo va Pps8si Kouxoioq xpoiroq coaxs 8oo avSpcoTioi 
(napaxpppxsq) tioo 7iapaxi]poov xo i8io cpaivopsvo and SiacpopsxiKa aoaxi]- 
paxa avacpopaq va pjtopoov va aovswoi]8oov. Aoxo yivsxai ps xp popSsia 
aysascov psxaayppaxiapoo xpq 6sapq, xpq xayuxpxaq Kai Ka6s aA.A.00 
psysSooq tioo TiiSavov yivsxai avxiAi]7ixci ps SiacpopsxiKo xpoito ano Siacpopa 
aoaxppaxa avacpopaq. 
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Av xav ujidpxouv aucxppaxa avavpopaq ps vSvavxspa psyodio svSvacps- 
pov, 67icoc xo auaxppa tvou axpscpsxav ps axa0spp yrovvaxp xayuxpxa (xsxovo 
auaxppa svvav p I p), spsvq 0a aayoApOoups povo ps psTaa/ppaxiapouq 
avapsaa as aSpavsiaxa auaxppaxa. Ka0s xsxovo auaxppa 0a xo cpavxaqo- 
paaxs svpoSvaapsvo ps sva auaxppa aqovov ©q jtpoq xo onovo yvvovxav ov ps- 
xppasvq. 

'Herr© sva aSpavsvaxo auaxppa avavpopaq I xav sva akko X' xvvou- 
psvo ps axa0spp xayuxpxa u ©q Ttpoq xo X . I la Aoyouq axdouaxsuapq aq 5s- 
Xxoups oxi xa 8uo aucxppaxa avavpopaq xauxvCovxav xp xpovvxp cxvypp t=0 
xav oxi p u svvav 7tapa.AApAp ps xov aqova Ox xou X (ex- 5.14). 

H 0scp svoq u/axou cppsvou P axo ouaxppa X' xp xpovvxp cxvypp t, Svvsxav 
and xvq ouvxsxaypsvsq x', y'. 

H 0sop xou vSvou cppsvou axo auaxppa X Svvsxav ajto xvq auvxsxayps- 

vsq x, y. 




Sx- 5.14 



Ov axsasvq psxacu x©v auvxsxaypsv©v xou P axo sva auaxppa xav axo uAAo svvav 

x = x + ut 

y = y r 



'Eax© oxv xo appsvo P xvvsvxav ps oxa0spp xaxuxpxa u', ©q wpoq xo 
auaxppa X'. H i/ ava/ajsxai axvq V x , v' axo auaxppa X' (ay. 5.15). 




Ano xouq psxaaxppaxvapouq 0sapq suxoA.a Ttpoxujxxouv ov auvvaxco- 
asq xpq xaxuxpxaq xou P 07t©q yvvsxav avxvXpnxp and xo X. 

, , Ax Ax' At , 

x = x+ut apa — = h u — otvoxs v=v r +u 

At At At 

, , Av Av' 

y = y apa ~ — otoxs v V =v 

At At 
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Eik. 5.5 raAXakx; (1564-1642) 
Iia/aa. 0s|j,sXicoTr|<; xr|5 cruyj(povr|<; 
|ir|XttviKr|(;. Aicbx0r|KS yia tic, ano- 
\|/si<; tod ano xr|v S7ilar||j,r| sKKXr|ola 
ir|<; sitoxn? tod. 



Av t| xaxoxpxa u ps xr|v onova KWEvxav xo S' ©q npoq xo S Sev Evvav 
Tiapd/ApAp axov Ox, avaAtloops xp u axiq avmaxvbaEq u x , u v (cx.5.16). 




Oi psxaaxppaxvapov Bsopq Kav xaxoxpxaq navpvouv xp popcpp 



X = X + u x t 


v x =v' +u x 


y = y'+ Uy t 


v y =v' y +u y 


diavva/uaziKd yiazrjv zaxvTrjza 


t) = t/ + U 



Oi napanav© psxaaxppaxvapov svvav yv©axov ©q pExaa/ppaxvapvn 

TOD r U/X/.UIOt). 



Ano xr|v s^vamap t) = t) + u npoKivnxsv 

At) At)' Au 



Kav snsvSp r| u svvav axaBspp 



" + ■ 

At At At 

^»-0 

At 



(5.10) 







At) 


At) 




Ano xpv (5.10) 


sxoops oxv 


At 


* f l 

At 


a = a 


F = ma 


Kav F' = 


ma 


07I0XS 


fc 

ll 

ta 



'Oxav SpA,aSp, sva uaiko appsvo P Ssxsxav Suvapp Kav STnxaxOvsxav p 
Suvapp Kav r| Ejuxdxuvai] yvvovxav avxvSpnxsq ps xov vSvo xpono Kav and xa 
8v)o auaxppaxa avavpopaq, utvo xov opo navxa oxv xa S Kav S' Evvav aSpa- 
vsvaKa, SpA.aSp r| u svvav axaBspp. 

T sAoq, av r| op pi) svoq auaxppaxoq a©pax©v Svaxppsvxav ©q n poq xo 
adcxppa avavpopaq S 8a Svaxppsvxav Kav ©q npoq xo adcxppa avavpopaq S'. 
To vSvo voxuEV Kav ps xp Svaxpppap xpq svspysvaq. 

Tewkci, oi vopoi xpq vpoaiKfjq loxvovv p£ xp popvpp not) xot)q qs- 
pottps mu aSpavEiaKa avaxrjpaxa avavpopaq. 
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riAPAAEirMA 5.3 



To aoaxppa X' Kvvsvxav ps xaxpxpxa u me npoq to X. 'Eva ampa Kvvsvxav ps xaxoxpxa o' axo X' 
(ax-5.17). Elova svvav p xaxoxpxa o tod acbpaxoq ©q npoq xo X; 



Anavxpap : 

£lq npoq to X aopeprova ps xov psxaaxppa- 
xvapo xov) r aAvlavoo 0a vaxosv o = o" + u . 
Msxaxpsnovxaq xr| ayeap aoxri as aAysPpvKp 
0a scoops v = v'+u . 



nAPAAEITMA 5.4 




Xxo npopyoopsvo napaSsvypa aq ono- 
0saoops oxi p o' svvav avxvOsxpq epopaq Kav oxv 
oXa xa aXXa axoiysia napapsvoov vSva 
(ax-5.18). nova svvav xebpa p xaxoxpxa too acb- 
paxoq coq npoq xo X; 

Anavxpap : 

Xopcpcova ps xov psxaaxppaxvapo too I a/a- 
A.avoo 0a vaxosv o = t/ + u Kav aA.ysPpvKa 0a 
sxoops v — v'-u. 




nAPAAEITMA 5.5 

Na Pps0sv p xaxoxpxa too acbpaxoq coq 
npoq xo X av p o' sxsv pva xoxava Svso0ovap 
nav© axo snvnsSo x'O'y 1 on©q axo axppa 5.19. 

Anavxpap : 

Xopcpcova ps xov psxaaxppaxvapo too I a/a- 
A.avoo p xaxoxpxa ps xpv onova Kvvsvxav xo 
acbpa coq npoq xo X 0a svvav o = o r + UKav 

aA.ysPpvKa sxoops v = V V ' 2 -u 2 . 



5-7 IYSTHMA ANAOOPAI KENTPOY MAZAI 

Xs nspvnxcbasvq onoo p oppp Svaxppsvxav, p sepappoyp xpq apxpq 
Svaxpppapq xpq opppq pnopsv va an^ooaxsoxsv ps xp xppovponovpap xpq sv- 
vovaq too Ksvxpoo paqaq. 

Xxo npopyoopsvo KscpaA.avo pvApaaps yva xo Ksvxpo paqaq svoq acbpaxoq. 
EScb 0a pvApaoops yva xo Ksvxpo paqaq svoq aoaxppaxoq acopaxcov. 
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Uov PploKgrai to KEvrpo pdi^ag; 

Av xo oooxppa aTtoxsXsixai ano sva apiOpo o©pax©v 710X6 pucpcov 

Siacxacsrov ps pa^sq m h m 2 Av x t , y, , z, sivai oi covxsxaypsvsq xoo c©- 

paxoq m, , xo Ksvxpo pdqaq xoo ouoxppaxoc sivai cxo oppsio ps covxsxayps- 
vsq 



m l x i + m 2 x 2 4-.. 


.... + m n x n 




_ Yj m i x i 


X cm 

m l + m 2 + .. 


- + m n 


Ya m i 


M 



y c . 






M 



Kai 




Y. rn ' z ' 

M 



onoo M p oovoXncp pdqa xoo ouoxppaxoc. 



y 



◄ 

■* 



m 



X> 




x 2 ► 



I la sva ouoxp pa 800 acopaxcov piKpcbv Siaoxaasrov, tcoo p7topoov va 
0s©pp0oov oAiK'd oppsia, i] 0sop xoo Ksvxpoo pdqac PpioKsxai ano xi] oxsop 




otcoo xi Kai X2 01 Ososiq xcov 800 paqcov o' sva oooxppa oovxsxaypsvrov tcoo oav 
dqova xcov x t/yx xpv soOsia 7100 Tispvasi ano xa 800 oAxica oppsia (ox.5.20). 



H KIV 1 ] 01 ] TOO KEVTpOD pdCttC 

O Ssoxspoq vopoq xoo Newton yia sva oooxppa o©pax©v sxsi xp 

popcpp 

£F £ = Ma = C ^- 

* cm dt 

otcoo XF 1; ; xo SvavoapaxiKo dOpoiopa x©v sqcoxspiKcbv 8ovaps©v oxo 00- 
oxp pa, M p pdqa xoo ouoxppaxoc, a cm p STnxaxovop xoo Ksvxpoo pdqac 
xoo oooxppaxoq Kai p p oppp xoo ouoxppaxoc. 

ApXaSrj to Ksvxpo pdqaq too aoaxppaxoq Kivsixai oav sva 07 co- 
Gstiko o/.iKo oppsio pdqaq iapq ps Tp aovo/.iKp pdqa too aoaxppaxoq 
av Oscoppaoops oti o/.sq 01 sqwxspiKsq Oovdpsiq 7100 os/sxui to 
oooxppa aoKoovTai o’ aoTO. 




Eik. 5.6 Ta 0paiic>|j,aTa Kivoiiviai ps 
tstoio ipojio axxcg 10 Kgvcpo pd^ai; 
toix; va aKoXov0si ii]v ipoxia 7100 0a 
aKoXov0oi3ag kcu av Sgv gixg gxpaygi to 



A 7 co xo Ssoxspo vopo 7ipoK07cxsi 6x1 av xo oooxppa sivai 
pov©psvo (XFq= 0 ) p oppp xoo ouoxppaxoc Siaxppsixai oxaOspp Kai xo 
Ksvxpo pdqac xoo ouoxppaxoc Kivsixai ps oxaOspp xaxoxpxa. 



jrupoTgxvripa. 



Ecpocov xo Ksvxpo pdqac xoo ouoxppaxoc os aoxsq xiq 
TcspiTcxcoosic Kivsixai ps oxaOspp xaxoxpxa, sva oooxppa avacpopaq ©q Tipoc 
xo OTcoio xo Ksvxpo pdqac sivai aKivpxo sivai sva aSpavsiaKo oooxppa. Aoxo 
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to oooTripa avacpopdc 0a to ovopaCpops o 6 otv]p</ avoupopaq tod KsvTpoo 
paipiq. 



Av yva Tipv avTvpsT©7uoi] svoq TipoPAippaToc oto otvovo r| op pi] 
SvaTipsuav STU^oops ©c oooTppa avacpopac to oooTppa tod ksvtpoo pailac 
to TtpopXppa a7iA07tovsvrai oppavTiKa. E>c Ttpoc aoTO to oooTppa to ksvtpo 
pa£aq svvav aKi'vpTO Kai i] ouvoavki) oppi) tod oooTfjpaToq ppSsv. 



IlAPAAEirMA 5.6 



Ov oovTSTaypsvsq Ka0svoq and rpia acbpara svvav (1,0) , (3,0) Kav 
(2,5) (o%. 5.21). Ov papsc tcov ocopaTcov svvav 2m, 2m Kav 4 m avTioToiya. Na 
JtpOo8vopVOTSV 1] Os 07] TOV) KSVTpOV) pa£aC TOO 07)0X7] pOTOC 



\7r«vTr|ori : 



_ Y, m > x > 

M 



2 tfix l + 2 if ix 2 + 4 rftx 3 
2ifi + 2 tfi + 4 Tfi 



2 ■ 1 + 2 ■ 3 + 4 ■ 2 

m 

8 



16 o 
= — m = 2 m 

8 



y (m) 



5 

2,5 



2m 

-o 

1 




2m 

^m) 



2X- 5.21 



y 



cm 



M 



2-0 + 2- 0 + 4- 5 20 

m = — m = 2,5 m 

8 8 



Apa to KsvTpo pdCaq K ppvoKsxav ott] 0sot] (2, 2,5). 



IlAPAAEirMA 5.7 

BA,f|pa paA.A.sTav ps ap'/iKi) xayynryca Oo otio y©vva <p ©c wpoq opiCovxio sTrinsSo. Yjio tt]v swlSpaoi] 
too pdpooq too to (1 at) pi a 0a ekxsA,soev 7tapaPoA.vKi] Tpoxva Kav 0a s7tvoTps\|/sv oto opiCovxvo snutsSo 
(ox- 5.22a). To P^i)pa os kootovo ov]psvo tt]c Tpoxvaq too SKpipyvoTai Kav xwpiCsTai os Soo OpaoopaTa 
(ox-5.22P). Tv kvvt]07] 0a Kavsv to ksvtpo pdCaq too ouoT7)paToq t©v 0paoopax©v; 




(a) 



A7n/vTr|or| : 




5.22 



(P) 



H oovvoTapsvi] Sovapi] oto oooTi]pa t©v 0paoopaT©v SpAaSi) to SvavoopaTVKo aOpovopa t©v Pa- 
p©v tooc, svvav (Sva ps to oovoAako pdpoc too P/appiaToq. H Sovapi] Aouiov tvoo aoKsvTav oto ksvtpo pdCac 
too oooTippaToq svvav (Sva Ttpvv Kav psTa tt|v SKpp^p, otvots to ksvtpo pdCac too oooTippaToc 0a Svaypavpsv 
Ti]v (Sva Tpoxva tvoo 0a Svsypacps Kav av 8sv svxs yvvsv i] SKprj^v] 
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IlAPAAEirMA 5.8 



Kpaxaps Duo piKpsq avxi0sxa cpopxiapsvsq acpaipsq aKivpxeq as aTtoaxaap / = 0,5 m xr| pia ano xr|v 
d/Ap kou axr| aovsxsia xic acppvoops sAsdOspsc va Kivp0oov. Oi acpaipsq syoov pdqsc m , = 0,00 1 kg Kai 
m 2 = 0,002 kg kcu cpopxia q Kai -q avxiaxoixa. Av axic acpaipsq 8sv aaKoovxai d/Asc Sovapsiq skxoc ano 
xic psxa^o xodc aAApA,eniSpdasiq va Pps0si as noap anoaxaap ano xr|v apxiKp 0sap xpc m x 0a 
auvavxr|Ooijv ov Soo acpaipsq. 



Andvxpap : 



EnAsyoops aav aoaxppa aovxsxaypsvcov 
aoxo xoo onoioo r| apxp xaoxiqsxai ps xr|v ap- 
Xvkt| 0sap xpc m ] Kai o dqovac xcov x ps xp 
SiaKsvxpo xcov Soo acpaipcov (ax- 5.23). H ap- 
Xvkt| 0sap xpc 777, sivai axo x, = 0 Kai aoxp 



y 




y 

+ ■ ■ ■ A ► 

©($)■ 



xpq m 2 axo x 2 =l . x '/.- 5 - 23 

To Ksvxpo pdqac xcov Soo acopaxcov PpiaKsxai as opiqovxia anoaxaap ano xpv apxp xcov acovcov 

777, X, + m 2 x 2 



= 0,33 777 



777, + 777 2 



ApxiKa xa acbpaxa sivai aKivpxa apa Kai xo Ksvxpo pdqac xooc sivai aKivpxo. 

H aoviaxapsvp xcov Sovapscov axo aoaxppa sivai ppSsv, apa p oppp xoo npsnsi va Siaxppsixai Kai 
xo Ksvxpo pdqac va Siaxppsi xpv apxiKp xoo KivpxiKp Kaxaaxaap 5pA.a5p va napapsvsi aKivpxo a’ 6/.p xp 
SiapKsia xpc Kivpapc xcov acpaipcov. Oi acpaipsq 0a aovavxp0oov Jidvco axo Ksvxpo pdqac xooq, SpAaSp as 
anoaxaap 0,33 m ano xpv apxiKp 0sap xpq m L 




Eik. 5.7 O 7r6paiAot; 7ipoco08ixai skto^suo- 
viai ; rcpot; xa 7iiaco Kauaaspia. 



5-8 nPOa©HSH TOY ITYPAYAOY 

H npoco0pap xcov nupadAcov axppiqsxai axpv apxp Siaxpppapq xpc opppq. 

O JidpaoAoc Kaisi xa Kaoaipa 7too apxiKa PpiaKovxai psaa xoo Kai 
skxo^sosi xa Kaoaaspia npoq xa niaco. Ta Kaoaaspia Scr/ovxai pia Sovapp 
ano xov nopaoAo Kai aaKoov avxiaxoixa pia avxi0sxp Sovapp a’ aoxov 7too 
anoxsA.si Kai xpv npocoaxocp Sovapp xoo nopaiAoo. 

Ac ono0saoops oxi sqsxdqoops svav nopaoAo ttoo Kivsixai axo Sia- 
axppa (paKpia ano Ka0s PapoxiKp ?Acp). 

0a scpappoaoops xpv AAO coq npoq xo aoaxppa avacpopaq xoo ks- 
vxpoo pdqaq. Ecpoaov Ssv aaKoovxai sipoxspiKsq Sovapsiq xo Ksvxpo pdqaq 
(apa Kai xo aoaxppa avacpopdc pac) 8s 0a pcxafid-AAsi xpv KivpxiKp xoo Kaxa- 
axaap, avscdpxpxa ps 07toia8r|7ioxs pisxaPoAp aopPsi axpv KivpxiKp Kaxa- 
axaap xcov xpppaxcov noo a7iapx(Coov xo aoaxppa. E7nA.syoops xov dcova x 
cbaxs va xaoxiCsxai ps xp 8is60ovap Kivpapc xoo 7iopa6A.oo. 

O 7i6paoAoc Ka7ioia xpoviKp axiypp sxsi pdlia M + dm Kai ppSsviKp 
xaxoxpxa coc Jipoc xo aoaxppa avacpopdc ttoo ETti/Tcaps. O 7idpaoAoc, as sva 
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7toA,i3 pucpo xpoviKo Svacxppa dt, skxo^sosv 7tpoq xa 7tvoco pva Ttoaoxpxa Kao- 
aaspvrov dm ps xaxoxpxa u me Ttpoq xo Ksvxpo pdCaq. O 7topaoEoq xmpa t/zv 
aoqpcsi xr|v xaxoxpxa xoo as axsap ps 7tpvv Kaxa dt) kou p pdCa xod t/zv zkax- 
xcoBsv Kaxa dm. Lie 7tpoq xo Ksvxpo pdCaq xou aoaxppaxoq Kvvsvxav ps do 7tpoq 
xa p7tpoaxa. (Ex- 5.24). 




£/.. 5.24 



Evpoaov xo coaxppa svvav povmpsvo svpappoCoops xpv apxp Svaxppp- 
apq xpq opppq ps xiq xayjoxpxsq va avacpspovxav o/xq axo aoaxppa avaepopaq 
xoo Ksvxpoo pdCaq. 

P mv = P fi£Ta «pa 0 = -dm u + Mdv 

©scoops xmpa va 07 toEoyvaoops xpv Ttporoaxucp Sovapp Ttoo Ssxsxav o Jtijpao/.oq . 



Ano xpv xs/.suxaia sqi'cmcp JipoKOjrxsi 

Mdv = dm u 
, r dv dm 

Kai M — = u 

dt dt 



SpEaSp 



Kai xsEvKa 



dm 



Ma = u 



dm 

dt 

dm 

F = u — 
dt 



ottoo o poOpoq ps xov o7tovo SKXocsdovxai xa Kaoaaspva xoo JiopadAoo. 

dt 



5-9 OAINOMENO DOPPLER 

Eav Ka0opaaxs aidvpxov axpv a7toPa0pa svoq axa0poo xpv m pa 7too 
JiApaidCsi sva xpsvo Kvvoopsvo ps axa0spp xaxoxpxa, aKoops xov pxo xpq asv- 
ppvaq xoo o^oxspo (psyaEoxsppq aoxvoxpxaq), and o,xi oxav xo xpsvo attopa- 
Kpovsxat and spaq, a (poo paq sxsv TtpooTtspaasv. 

El aoxvoxpxa xoo pxoo Ttoo avxvEapPavsxav o ppxavoSpyoq svvav a’ 
oEp xp SvapKsva xpq Ktvpapq axa0spp. E[ aoxvoxpxa xoo pxoo Ttoo avxvEapPa- 
vopaaxs oxav xo xpsvo paq TtApaidqsi svvav psyaAvjxspp and aoxpv Ttoo avxv- 
AapPdvsxai o ppxavoSpyoq. Avxv0sxa p aoxvoxpxa xoo pxoo Ttoo avxvEapPa- 
vopaaxs oxav xo xpsvo OTtopaKpijvsxai svvav pvKpoxspp and aoxpv Ttoo avxv- 
EapPavsxav o ppxavoSpyoq. 

H coxvorriTa 7 too avxiEapPavsxai o 7 tapaxpppxpq Ssv sivat iSva ps 
aoxpv 7 too SK 7 tspTtsi piu Ttpyp oxav o 7 rapaxpppxpq Kai p 7 tpyp PpicKovxat as 
axsTticp vdvpap psxuco xooq. To (patvopsvo aoxo Esysxat (patvopsvo Doppler. 
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AKivpxp Trrjyfjj - aKivpxoc Trapaxpppxpc; 




Mia aKivpxp ©c Ttpoc to psaov oidoocpc (aspaq) Ttpyp S Ttou sKTtspTtsi 
PXO auxvoxpxac f s Sppioupysi yup© xpc sva acpaipuco pxpxiKo Kupa Ttou 
SiaSiSsxai ps xaxuxpxa u. Iaxuei f s = v/ X ottou 2 xo ppKoc; Kupaxoc xou 

pyou Ttou SKTtspTtsi r| Ttpyp. Xxo cyppu 5.25 P^sTtoups sva axiypioxuTto xou 
icupaxoq. Oi opoKsvxpsq Ttspupspsisq Ttapiaxavouv xa SiaSoxiKa psyiaxa xou 
icupaxoq yia pia SsSopsvp axiypp Kai anexovv psxa^u xouq sva ppKoc 
Kupaxoc 2 . 'Evac Ttapaxpppxpc; A Ttou sivai STtiapc aKivpxoc ©c Ttpoc xov aspa 
pcxpciivxac xa psyiaxa Ttou cpxavouv a’ auxov exp povaSa xou xpovou 
ujto/.oyiCsi xp auxvoxpxa xou pxou f A oticoc xpv avxi/.appdvsxai auxoc. Opwc 
oaa psyiaxa Ttapaysi p Ttpyp axp povaSa xou xpovou xoaa Jtd/a axp povaSa 
xou xpovou cpxavouv axov Ttapaxpppxp, apa f A = f s = 1)/ X . 



Akiviitti Trrjyfj - Kivoupsvog Ttapaxr|pr|Tri<; 




O Ttapaxpppxpc A TtXpaidcsi Ttpoc xpv aKivpxp pxpxiKp Ttpyp ps xaxu- 
xpxa v A ( ox- 5.26). Tcopa axov Ttapaxpppxp cpxavouv Ttspiaaoxspa psyiaxa axp 
povaSa xou xpovou and oaa Ttapaysi axov i8io xpovo p Ttpyp. H xaxuxpxa ps 
xpv oTtoia 8ia8i8sxai o pxoq ©q Ttpoq xov Ttapaxpppxp 0a sivai V + u A . H 

auxvoxpxa Ttou avxi2ap[3civsxai o Ttapaxpppxp^ 0a sivai f A = — + ^ A . 

X 

V V + V 

Av 0saoups OTtOU X = TtpOKUTtXSl f A = — 

fs v/fs 



Kai xsA.iKa 



_V + V A 

J A ~ J S 

V 



O Ttapaxpppxp^ aKousi pxo psyaAuxsppc auxvoxpxac (oquxspo) ano auxp Ttou 
Ttapaysi p Ttpyp. 

Av o Ttapaxpppxpc; aTtopaKpuvsxai and xpv aKivpxp pxptiKp Ttpyp ps 
xaxuxpxa va, axp povaSa xou xpovou axov Ttapaxpppxp cpxavouv Ar/oxspa ps- 
yiaxa axto auxa Ttou Ttapaysi p Ttpyp axov iSio xpovo Kai p auxvoxpxa Ttou 0a 
avxi/.apPdvsxai 0a sivai 



f A = 



v-v A 

V 



fs 



O Ttapaxpppxpc aKousi pxo piKpoxsppq auxvoxpxaq (Papuxspo) and auxp Ttou 
Ttapaysi p Ttpyp. 



Xuvo\|/icovxac xiq Suo TtspiTtxcoasiq KaxaA.pyoups axp axsap 

V±V 



/, 



V 



fs 



onou xo (+) taxusi oxav o Ttapaxpppxpq TtA.paia^si Ttpoq xpv Ttpyp Kai xo (-) 
oxav aTtopaKpuvsxai and auxp. 

Kivoupsvp Ttpyp - (/Kivproc ^apaTppprpg 
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Y 7 to 0 sxoops xcbpa 6 tv t| m] yf) Ktvsvxav iooxa%o')c ps xaxpxpxa v s Tt/.p- 
aidcovxac xov aKtvpxo ttapaxpppxp (a%. 5 . 27 ). H xaxpxpxa ps xr|v o7tova SvaSv- 
Ssxai o 7)}(o c (oc ttpoc xov aspa 0a svvav 7id/a v yvaxv r| xaxoxpxa 8 vd 5 oapc svoc 
kijpaxoc sqapxdxav povo ano xo psaov oidooapc, To ppKoq kijpaxoc ttou cpxd- 
vsv axov 7iapaxr|pr|xf| pvKpavvsv yvaxv p 7tpyp o.koAooOsv xa icopaxa ps attoxs- 
A,sapa xa psyvaxa va 7tA,pava£oov psxa£,o xouc. 

O 7 tapaxpppxf|q A avxi/.apPdvoxai cue pi)koc kijpaxoc xpv 07160x001] 
psxacpj 800 SvaSoxvKtov psyvaxcov ttou vpxavoov a’ aoxov. O xpovoc ttou psao- 
Aafkv avapsaa axpv sK7topttp 80 o psyvaxcov svvav pva Ttspkvooc (I). Av xp 
axvypp t p 7ipyf) sKttspttsv sva psyvaxo xp axvypp t+T xo psyvaxo 0 a sxsv Jt/.p- 
avaasv xov ttapaxpppxp Kata l a'/Ska. Kav p 7ipyf) 0 a xov sxsv 7tA,pavaasv Kata 
V S T . Tots SKTtspTtsxav ano xpv 7tpyf] xo sttopsvo psyvaxo. H attoaxaap ava- 
psaa axa 80 o SvaSoxvKa psyvaxa svvav A — V S T. Aoxp xpv aTtoaxaap 
avxvA.apPdvsxav coc p7)koc kijpaxoc 0 7tapaxpppxpc. 

Ettopsvax; A a = A -V S T p A a = — — = — - — 

fs fs fs X* 5.27 




V 



opcoq 



Kav xsA.vko 



fA=Y~ 

A A 



V 

V —V 

s 

~7T 



/, 



V 

V-Vr 



\ 



fs 



V 



y 



opAaoi) p aoxvoxpxa 7too avxiAapPdvsxai 0 ttapaxpppxpc; svvav psya/atxspp 
ano aoxpv Ttoo SKTtspttsv p Ttpyp. 

Ixpv TtspvTtxcoap Ttoo p Ttpyp attopaKpovsxav ano xov Ttapaxpppxp ps axa- 
0spp xaxoxpxa v s (a%. 5.28), xo pi]Koc kijpaxoc Ttoo cpxavsv axov Ttapaxpppxp 
aoqdvsxai Kaxa xov opo v T . HTtavaAapPdvovxac xov ttpopyoopsvo aoAAoyiapo 

f .. V 



Kaxa^pyoops axp axsap f A = 



V 



V + V e 



V 



fs 






ano xpv oTtova cpavvsxav oxv p aoxvoxpxa too t)xoo Ttoo avxiXapPdvsxav 0 Ttapaxp- 
ppxpq svvav pvKpoxspp ano xp aoxvoxpxa too t)xoo Ttoo SK7tsp7tsv p Ttpyp. 




Eik. 5.8 Mia 7tr|yf| 7iapayei ktj- 
fiaxa oiriv 87ii(paveia i)ypoi3 Kai 
xaDioxpova Kivsiiai. 



XovOsxovxac xic 800 Ttspi7txd)asic Ktvpcpc xpc Ttpyi)c as pva axsap sxoops 



V +Vr 

V * 

OTtoo to (-) vaxosv oxav p 7tpyf] TtApaidcsi xov Ttapaxpppxf) Kav xo (+) oxav 
attopaKpovsxav an' aoxov. 



fs 

H 



Eav Kvvoovxav xoao p 7tpyf) oao Kav 0 TtapaxpppxT)c as axsap ps xo 
psaov 8id.8ocpc xoxs p axsap Ttoo 8vvsv xpv aoxvoxpxa Ttoo avxiAapPdvsxai 0 
7tapaxpppx7)q svvav 



f A = 



V + Vr 



\ 



fs 



m i 



O Tta|)«Tpppxpc uKoosv p/o ps aiJX'oxpxa psya^orspp a7to xp 
ao/'OTpra xpq Ttpypq oxav p psxaco xouc aTtoaxaap psvtovsxuv Kai ps 




£ 7 .. 5.28 
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«H)/\’(jTT]T« (llKpOT£pTJ OHIO Til aUXVOXpXU TT|<; TTTiyT|^ OXOEV I] C/n6aXC/(Tp TOO^ 
fUr/«/.COV£l. 

To cpavvopsvo Doppler vaxosv yva Ka0s popcppc Kopavap aKopp Kav 
yva xa p?iSKxpopayvpxvKa icopaxa, oncoc to cpcoq. To cpavvopsvo Doppler Svvsv 
avaOpxa anoxsAiapaxa povo av oi npysq too cpcoxoq p oi napaxpppxsq kvvoo- 
vxai ps xaxoxpxsc aoyKpvavpsc; ps xpv xaxoxpxa xoo cpcoxck. 

1 lapaxppcbvxac xo cpcoc noo svcnspnsv sva aaxpo pAinoops oxi xa ppKp 
Kopaxoc noo sKnspnovxav ano xa axoiyda xoo aaxpoo svvav Svacpoponovppsva as 
axsap ps xa ppKp Kopaxoc noo sKnspnoov xa vSva axor/sia navco axp Tp. A 716 xp 
Svacpoponovpap aoxp, noo ocpevAsxav axo cpavvopsvo Doppler, pyo£,oops 
aopnspaapaxa yva xpv xaxoxpxa ps xpv onova Kvvsvxav xo aaxpo as axsap ps xp Tp. 

H axsap noo nspvypacpsv xo cpavvopsvo Doppler yva xo cpcoq svvav Sva- 
cpopsxvKp ano aoxpv axpv onova KaxaApqaps yva xov pxo. H Svacpoponovpap 
ocpsiAsxai axpv vSvavxspoxpxa xoo cpcoxck,, now 0a xp ps/,sxp coups sKxsvsaxspa 
axo snopsvo KscpaAaio. EnvypappaxvKa avacpspoops oxv xo cpcoc 8sv xpsidCsxai 
psaov yva va SvaSoOsv Kav oxv p xaxoxpxa SidSoapc xoo svvav p vSva yva oka xa 
aocxppaxa avacpopdq. 

H aaxuvopva svvav scpoSvaapsvp ps oucksosc pavxap noo sXsyxoov 
xvc; xaxdxpxsq xcov oxppaxcov. To pavxap, aKvvpxo coq npoq xo Spopo, SKnspnsv 
ova p a s kx p 0 pay vp x vk 6 Kopa xo onovo avaKAcixai navco axo 8vspxopsvo oxppa. 
To Kopa snvoxpscpsv axo pavxap ps aoxvoxpxa sA.acppa SvacpopsxvKp pva Kav p 
npyp xoo (xo oxppa) Kvvsvxav as axsap ps xov napaxpppxp (pavxap). Ano xp 
Svacpopa xpc auxvoxpxac avapsoa axo Kopa noo SKnspnsxav Kav aoxo noo snv- 
axpscpsv p aoaKsop onoAoyiCsv xpv xaxdxpxa xoo cr/ppaxoc. 



nAPAAElTMA 5.9 



'Eva xpsvo Kvvsvxav vaoxaxcoc ps xaxoxpxa 50 m/s Kav xppaiponoisi xp acpopvxxpa xoo, noo SKnspnsv 
auvsycoc pxo aoxvoxpxaq 400 Hz, aupcpcova ps xo ppxavoSpyo xoo. To xpsvo nspvasv ano axaOpo x<wp(c va 
axapaxpasv. Tv aoxvoxpxa avxvA,ap(3avsxav 0 aKi'vpxoc axaOpdpxpc KaOcoc xo xpsvo nApaidCsi Kav xv aoxvo- 
xpxa KaOcoc xo xpsvo anopaKpovsxav. O pyoc SvaSvSsxav axov aspa ps xaxoxpxa 343 m/s. 



Anc/vxpap : 

El aoxvoxpxa xoo pxoo noo avxvA.apPavsxav 0 axaOpdpxpc, oxav xo xpsvo nApaidpsi xo axaOpo svvav 



/, 



Kav oxav xo xpsvo anopaKpovsxav ano xo axaOpo f' A 



343 m / s 



r V ' 



V-Vr 



V 






X) 



Vs 

\ 



V + Vc 



V 



fs 



J 



Apa 


/,= 


Kav 


/: = 



\ 



343 ml s -50m/ s 
343 m / s 

343 in / s + 50 m / s 



iOOHz = 468 Hz 



400 Hz = 349 Hz 



J 
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IlAPAAEirMA 5.10 



'Eva Ttf-puro/aKo tvoo Kivslxai ps xaxoxpxa 140 km/h sKTtspjtsv ps xr| asippva xoo f|x° auxv6xr|xac 
500 Hz. Elova ao%voxr|xa aKoosi oopyoc aoxoKivpxoo 7too Kivslxai axov 15vo Spopo, avxlOsxa ps xo 
TispuvokvKo ps xaxpxpxa 110 km/h, 

a) oxav 7tAi]oidCv:i axo TtspiTtokiKo Kav 
P) oxav ajtopaKpovsxai ano aoxo; 

H xa'/hxpxa xoo f|x 0X) axov aspa slvai 343 m/s. 



Ajrdvxriori : 

140 km/h = 39,9 m/s 
110 km/h = 30,6 m/s 

'Oao xa o'/ppaxa TVApaidCoov xo sva xo c/aAo f a = 

A P« f A = 

'Oxav xa oyjipaxa aJiopaKpovovxai psxaco xooc f A = 
Apa f A = 



V±Va 

V —Vo 



V 



fs 



^ 343 ml s + 20,6 m! s^ 



343 m Is- 39,9 m / s 



500 Hz = 6\6, 3 Hz 



V-v A 

V + Vo 



V 



fs 



( 343 ml s - 30,6 ml 



343 m I s + 39,9 m / s 



500 Hz = 408 //z 



lYNO'FH 



Kaxa xp 5iapKsia piac Kpo 6 ape p oppf| xcov acopaxcov rcoo coyKpooovxai 8iaxppslxai. 

AvdAoya ps xic SisoOovasic xcov xaxoxpxcov xcov acopaxcov rcoo aoyKpooovxai oi Kpooasic SiaKplvovxai coq 

KEvxpiKeq, sKKSvxpsq Kai rc/.dyu:c 

Xxpv s/.aaxiKp Kpooap i] Kivpxncp svspysia xoo aoaxppaxoc Siaxppslxai. Xxpv avskatmKTj Kpooap pspoc 
xpg KivpxiKpc svspysiaq xoo aoaxppaxoc; psxaxpsrcsxai as Bsppoxpxa. 

ASpaveiaKa auaxppaxa ovopaCovxai xa aoaxppaxa avacpopaq ax a orcola laxosi o vopoc xpc aSpavsvaq xoo 
Newton. 

'Eva aoaxppa avacpopaq tvoo Kivsvxav ps axaOspp xaxoxpxa as axsap ps sva aSpavsiaKo aoaxppa svvav Kav 
aoxo aSpavsvaKo. 

Ta aoaxppaxa avacpopdc ax a orcola 8sv vaxosv o vopoc xpc adpdvsiac xoo Newton ovopaCovxai pp a8pa- 
vsu/.kc/ aoaxppaxa. 
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'Eva ouoxi] pa avacpopac woo Kivsixai ps STiixdxuvoi] os oxeoi] ps sva aSpavsiaKo ouoxi] pa sivai pi] aSpa- 
vsvaKo oi 3 oTr| pa. 

'Eva ouoxi] pa avacpopac X' Kivsvxav looxa/fbc ps xaxuxpxa u me Tipoe aXko ouoxi] pa avacpopac X. El Osoi], i] 
xaxuxpxa, i] sTuxaxovoi] svoc ompaxoc, KaOcbe Kav i] ouvapi] tvou Ss^exav xo ocbpa 6 Time yvvovxav avxiAi] 7 txsc 
and xcapaxi]pi]xi] tvow svvav aKivpxoc oxo X os oxeoi] ps aoxeq jvou avxiA.apPavexai Ttapaxpppxpc aKivpxoc 
oxo X' Sivovxai and xouc psxaoxripaTiopovq tod r a/.i/.aiov) : 

x = x' + u x t v x =v' x +u x a = a 

y = y' + u y t v y = v' y + u y F = F 



To Ksvxpo pdeue svo<; oooTf|paTO<; ocopaxcov s/si ouvxexaypevec 



x 



cm 



Y. m i x i 

M 





Y, m ‘ z ‘ 

M 



Av sva ouoxi] pa ocopaxcov svvav povcopsvo xo Ksvxpo pdcac xoo Kivsvxav ps oxa0spf| xayuxpxa. 

'Eva oijoxi] pa avacpopac me Tipoe xo owovo xo Ksvxpo pdCae ouoxfpvaxoe ocopaxcov svvav aKivi]xo ovopdCexai 
ovioxripa avaepopaq xod Ksvxpoo pdcac. Av xo ouoxi] pa xcov ocopaxcov svvav povcopsvo xo ouoxi] pa avaepo- 
paq xoo Ksvxpou pdcac svvav aSpavsvaKo ouoxi] pa. 

H 7rpocooxiKf| Ouvapi] svoc Trupud/.oo Sivsxav and xi] oxeoi] 

^ dm 
F = u — 
dt 

OTtou Mi] xaxdxr|xa ps xpv owova SKTispTrovxav xa Kaooaepia me wpoe xov 7rdpaoA.o Kav dm/dt o puOpoc 
6K7rop7tf)e xcov Kauoaspimv. 



<Daivopsvo Doppler Aiyexai xo cpaivopevo Kaxa xo otvovo evac Ttapaxpppxpc avxiAapPdvsxai auxvoxpxa 
SiacpopsxiKi] and aoxfjv tvow SKTispTtsv pva 7 tr|yr| Kupaxoe A,oyco xi]c oxexiKi]c k(vi]ot]c psxaqu xouc. 



Eav Kivouvxai xooo i] 7 ii]yr| ooo Kav o jvapaxpppxpe os oxeoi] ps xo psoov SidSoope r| ouxvoxpxa jvou avxv- 
A,appavsxav o Tiapaxpppxpe svvav 



L = 



' v±Va 

v + v, 

V i 



A 

u 

) 



Oxav psvcbvsxai i] cnrooxaoi] 7ii]yf]c - Ttapaxpppxi] i] ooxvoxi]xa tvou cxkousi o Ttapaxpppxpe svvav peyaAmepi] 
and aoxi]v jvou sKTispjvsv i] 7ti]yr|, sveb oxav ao^avexai i] psxaqu xoo<; ajrooxaoi] r| jvapaxppoupsvi] auxvoxpxa 
svvav piKpoxspp xi]<; SKTrspTtopsvpq. 
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APASTHPIOTHTES 



l. 



2 . 



3. 



Kpodop ovpaipwv 



0a xpsvaaxevxs s^v vSvsq pra/asc Kav sva Aouki - oSpyo (pvtopsixs va 
Xppovpo7tovposxs Kav sva oxoavko xdpaKa ps aookv). 

ToTtoOsxpaxs xic 7ISVXS pnl/asc oxo Aooki -oSpyo, xp pia 6 (jiao. oxpv 
dA/.p , cboxs va scpd7rxovxai. Piers xpv sKxp pm/aa ps cpopa, ojkoc Ssi- 
Xvsi xo axppa 5.29. 0a Ssixs oxi p pm/aa jroo picaxs aKivpxo7toisixai 
psxa xpv Kpodop Kav oxi p xsAsuxaia oxp osipa ano xic aKvvpxsq skxo- 
csdsxai. I I die scpysixai aoxo ran) siSaxs; 




5.29 



liKXOCEOOp «7n)paT)/.0T)» 



0a xpsiaoxsixs : pia xpopna JioopAdxou ps ocoZpva, pva psA,ova xpo- 
pviaq, oav aoxsq noo Appoiponoioups yia va vpoooKcoooops xic pna- 
asc, sva JVAaoxiKo pnooKd/n xoo /nxpoo ano ava\|/OKxiKo, ova cpsAAo, 
ova Xstvxo xpimdvi. 

Avoiqxe pva xpdna oxo cpsAAo ps xo xpimdvi, xsxoiaq Siaps- 
xpoo cooxs va nspvasi p PsA.ova xpc xpopnac Kav va ocppvcovsi. I spi- 
oxs xo p7vov)Ka^.v Kaxa xo sva xsxapxo ps vspo, kAsioxs xo ps xov 
cpsAAo Kav oovSsoxs xo ps xpv xpopna (mcoc oxo oxppa 5.30. Apxvoxs 
va xpopnapsxs. O cpsAAoq yppyopa 0a SKxvvaxOsv npoq xa Kaxco, ovco 
xo pnooKaAx 0a SKxoqsuxsi npoc xa navco. 

Kavxs xo nsipapa os avovxxo x©po, poncpia ano Kxvpva Kav 
KaAovSia xpc AEH. Tpv copa noo xpopnapsxs Kpaxpoxs pva anooxaop 
aocpaAsiac. 




Z X . 5.30 



(Daivopsvo Doppler 

0a xpsiaoxsixs : sva JioSpAaxo pva ocpopixxpa, Kav. ... sva vpvA.o oac. 

Zpxpoxs ano xo cpiAo oac va Tispdosi ano pnpooxa oac oSp- 
yoivxac apya xo woSp^axo Kav ocpopiCovxaq oovsxsia. Ilapaxppsvxs 
Kanoia psxaPoAp oxp ovr/voxpxa xoo pxoo; 

Zpxpoxs xcopa ano xo cpiAo oac va snavaA.aPsi xo iSvo oSpyco- 
vxaq ooo pnopsi 7tvo yppyopa. Ilapaxppsixs xcopa Kanoia ao^opsicoop 
oxp ooxvoxpxa xoo pxoo; I loo ocpsiAsxai p Svacpopa avapsoa oxpv 
npcbxp 7tapaxpppop Kav xp Ssdxspp; 




Eik. 5.9 noXu svSiatpspov to ipaivopsvo Doppler! 
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EPQTHXEIE 



KpOVOEli; 

5.1 Mitopsi sva acbpa va sxsv KvvpxvKp svspysva x©P^ va sxsv oppp; 
Mitopsl eva auaxppa acopaxcov va t/yA KvvpxvKp svspysva ycopic va 
sxev oppp; 

5.2 XupTtJupcoaxs xa Ksva: 

Auo acpavpsq ps pa^sq mi=2 Ag Kav m 2 =3 Ag, Ttou Kvvouvxav as avxv0s- 
xsc KaxsuOuvasic Kav auyKpouovxav Tt/.aaxiKd, syouv Ttpvv xp au- 
y Kpouap xodc xayuxpxsc U|=3 m/s Kav v> 2 = 3 m/s. H oppp xpc Ttpcoxpq 

ccpavpac Ttpvv xp auyKpouap s/si psxpo kg m/s Kav xpc 8suxsppc 

kg m/s. H oppp xov) auaxppaxoc xcov Suo acpavpcov Ttpvv xpv 

Kpouap t/jA psxpo kg m/s Kav psxa xpv Kpouap kg m/s. 

5.3 novo ajto xa TtapaKaxco psys0p Svaxppsvxav as Ka0s Kpouap; 

a) H KvvpxvKp svspysva xou auaxppaxoc. 

P) H ppxavvKp xou svspysva. 

y) H oppp xou. 

Etiv^s^xs xo acoaxo. 

5.4 Kaxa xpv sA.aaxvKp Kpouap Suo acopaxcov 

a) p oAvicp KvvpxvKp svspysva xou auaxppaxoc Ttapapsvsv axa0spp. 

P) p KvvpxvKp svspysva Ka0s acbpaxoq Ttapapsvsv axa0spp. 
y) p KvvpxvKp svspysva xou auaxppaxoc auca.vsxai. 

8) p KvvpxvKp svspysva xou auaxppaxoc psvcbvsxav. 

liTtiAscxs xp acoaxp Ttpoxaap. 

5.5 Kaxa xpv Tt/.aaxiKp Kpouap 8uo acopaxcov p ppxavvKp svspysva xou 
auaxppaxoq 

a) Ttapapsvsv axa0spp. 

P) auqcivsxac. 

y) psvcbvsxav. 

EtuAs^xs xo acoaxo. 

5.6 Auo ccpavpsc vacov paccov Kvvouvxav Ttavco axpv vSva su0sva Kav Kaxa 
xpv vSva cpopa ps xaxuxpxsq V x = 10 ml s Kav V 2 = 20 ml s . Av psxa 
xpv Kpouap p acpavpa 1 t/iA xaxuxpxa = 16 m/sxi aupTtspaapa 
pyacsxai yva xpv Kpouap; Evvav s/.aaxiKp p 6y_i; 

5.7 Mva acpavpa A auyKpousxav psxcoTtvKa Kav sactoxckct. ps aKvvpxp 
acpavpa B, vapq pdCac. H xaxuxpxa xpc acpaipac A psxa xpv Kpouap 

a) 0a svvav lap ps xpv xaxuxpxa Ttou svxs Ttpvv xpv Kpouap. 

P) 0a svvav avxv0sxp xpc xcr/uxpxac Ttou svxs Ttpvv xpv Kpouap. 

y) 0a svvav lap ps xpv xaxuxpxa Ttou 0a aTtoKxpasv xo acbpa B. 

8) 0a ppSsvvaxsv. 

ttiiAscxs xp acoaxp Ttpoxaap. 

5.8 novsq ano xvq Ttpoxaasvq Ttou aKoA.ou0ouv svvav acoaxsq; 
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a) Xxic psx©TUKsq Kpouasic 56o acpavpcbv ov xaxuxpxsc x©v 
a©pax©v Ttpvv Kav psxa xr|v Kpouap sxouv xr|v (Sva SisuOuvop. 
P) Kaxa xr|v s^aaxvKp Kpouap 880 awpaxwv p ppxavvicp svsp- 
ysva xou cucxppaxoc Svaxppsvxav axa0spp. 
y) Kaxa xpv Ttlaoxvicp Kpouap Suo acapaxcov p svspysva xou au- 
oxppaxoq psxaPodAsxav. 

8) Av p psxoOTiKp Kpouap S60 acpavpcbv ps vasq pdcsc svvav sA,a- 
oxvKp , 01 acpavpsq avxaAlaccouv xcr/bxpxsc. 

5.9 Ecbpa pdcac m Kvvsvxav opiCovxia ps xaxuxpxa v. Ixpv Ttopsva xou au- 

yKpousxav s^aaxvKa ps KaxaKopucpo xoiyo. H psxaPo^p axpv oppp 
xou acbpaxoq s^sv psxpo: a) 0; P) mvl2\ y) mv; 8) 2mw, 

LuofrjpaTa avacpopat; 

5.10 'Evac avOpcojtoc Ttou svvav akivpxoc psaa as xpsvo xo ottovo Kvvsvxav ps 
oxaOspp opvcpvxva xaxuxpxa, piywsi KaxaKopucpa Ttpoc xa Ttav© sva pvKpo 
avxvKsvpsvo. nspvypaipxs xpv xpoyia xou ccbpaxoc oitwc xpv avxdapPavs- 
xav 0 avOpowtoc Ttou xo spies Kav otimc xpv avxdapPavsxav svaq UKtvpxoc 
Ttapaxpppxpc tvou PpvaKsxav axo axaOpo. 

5.11 Eav Oscoppooups xp I p aSpavsvaKo auaxppa 7tova ano xa TtapaKax© 
cuaxppaxa avaepopde svvav ETtvape aSpavsvaKa; 

a) 'Eva xpsvo Ttou Kvvsvxav su0uypappa opa/.a 
P) 'Evac ovckoc Ttou Ttspvaxpscpsxav ps oxaOspp ywvvaicp 
xaxuxpxa yup© ano dcova Ttou Ttspvasv ano xo Ksvxpo xou. 
y) 'Evac avs/.Kuoxppac Ttou Kavsv sA.su0spp Ttxcbap. 

8) H Is/.p vp . 

5.12 ASpavsvaKo auaxppa ovopdCsxav xo auaxppa avaepopde axo ottovo 

a) sva acbpa cpavvsxav aKtvpxo. 

P) p Ktvpap xou acbpaxoc Ttspvypacpsxav ps xov Ttvo ariko xpovto. 

y) Ka0s acbpa Kvvsvxav ps oxa0spp xaxuxpxa as axsap ps 

OTtovoSpTtoxs aA.A.o auaxppa avaepopde;. 

8) vaxbsv 0 Ttpcbxo; vopo; xou Newton. 

Etiiaecxe xo am 0 x 6 . 

5.13 'Eva xpsvo Kvvsvxav ps xaxuxpxa u. 'Eva; sTtvPaxp; Kvvsvxav ano xo 
Ttpcbxo Ttpo; xo xsA.suxavo Payovv xou xpsvou ps xaxuxpxa u, ©; Ttpo; 
xo xpsvo. Tv xaxuxpxa sxsv 0 STtvPaxp; ©c Ttpoc xo sSaepo;; 

5.14 movo A Kvvsvxav ps xaxuxpxa u. Ano xo pavxap xou tiaovou yvvsxav 
avxi/.pTtxo O.AAO Tt/.oi'o (B) Ttou Kvvsvxav ©c Ttpoc xo Ttpcbxo ps xaxuxpxa 
u, as Ka0sxp Svs60uvap. EIovo xo psxpo xpe xaxuxpxa; xou TtAovou B 
©; Ttpo; xpv aKxp; 

5.15 'Eva; Ttapaxpppxpc, aKtvpxo; axo aSpavsvaKo auaxppa I, Ttapaxppsv 
acbpa pat^aq m Ttou STtvxaxuvsxav. Atto aSpavsvaKo auaxppa £' Ttou Kv- 
vsvxav ©c Ttpoc xo Ttpcbxo ps xaxuxpxa u Ssuxspoc Ttapaxpppxpc, aKvvp- 
xoq ©q Ttpoq xo £', Ttapaxppsv STtvapq xo acbpa m. Tva Ttova atto xa na- 
paKax© psys0p aupcp©vouv ov 8uo aSpavsvaKo! Ttapaxpppxsq: 
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a) yva ip 0sop tod ocicpaxoc; P) yva xpv xaxDxpxa tod; y) yva xr|v 
s7nxdxDvaf| tod; 5) yva Tp Svvvapp tvod Ss^exav xo ocivpa; s) yva xr|v 
oppp tod; ax) yva xo po0po ps xov otvovo psxaPdA,A.sxav r| oppp tod; 
0 yva xx|v KvvpxvKp tod svspysva; 

5.16 Av r| oppp ouoTppaxoc ocopaxcov Svaxppsvxav ovc Ttpoc xo aSpavsvaKo 
oooxppa I, 0a Svaxppsvxav Kav ovc, jvpoc Ka0s dAAo aSpavsvaKo gd- 
cxppa; AvxvoAoypoxs xr|v ajtavxpGp aac. 

5.17 To oooxppa avacpopdc tod Ksvxpoo pdCac svoq ODoxppaxoc 
acopaxcov svvav ndvxa aSpavsvaKo GDaxppa; AvxvoAoypoxs xr|v 
a7tdvxpop aac. 

5.18 H 7ipocb0pop tod Jxopa6A.oo cxppv^sxav 

a) axr|v apxp Svaxpppapq xpq svspysvaq. 

P) gxo vopo opdopc - avxidpaopc. 
y) axr|v apxp Svaxpppopc xpc opppc. 

8) axr|v apxv) Svaxpppopc; xpc oxpocpopppc. 

E7UAS0S tic GCDGXsq aTvavxposic. 

tDaivopsvo Doppler 

5.19 Exv; Gxsasvq woo JvspvypavpoDv xo cpavvopsvo Doppler ov xaxDxpxsq 
avacpspovxav 

a) gxo avvoxppa avacpopdc; xp<; 7vpyp<;. 

P) gxo avvoxppa avacpopdc tod Trapaxpppxp. 
y) gxo avvoxppa avacpopdc tod psaoo Sidcvoapc. 

E7ldiS0S XO GCD GXO. 

5.20 Ixo oxp pa 5.31 xo ypappa n avacpspsxav as pva 7rpyp appovvKoo 
f|XOD Kav to ypappa A gxov Trapaxpppxp. Na GDyKpvvsxs as Ka0s 
7vspv7txovGp xp GDXvoxpxa tod pxoo woo avxiAapPdvsxai o 
Ttapaxpppxpc PS xp GDXvoxpxa TOD PXOD TVOD SK7tSp7TSV p Ttpyp. 



a) 



n 



5) 



n 



P) 



n 



E) 



n 



y) 



n 



ax) 



^7, 5.31 




5.21 'Eva xpsvo Kaxso06vsxav Jipoc xoovsA, xo ojvovo ppvaKsxav as KaxaKo- 
pocpo ppaxo Kav SK7tsp7tsv pxo. O pxo; woo sKTtspTtsxav and xo xpsvo 
avaKAdxai gxo Ppaxo. 
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a) O ppx«vo8py6c xou xpsvou okousi xov pxo now Ttpospxsxav 
and avdicEaop ps ouxvoxpxa psyaEuxspp pvKpoxspp p vop ps 
xi] ouxvoxpxa xou pxou Ttou SKTtspTtsv xo xpsvo; 

P) 'Evac Ttapaxpppxpc Ttou PpvoKsxav psxa£,u xou xpsvou Kav xou 
spTtoSvou o.KOUoi xov f)7_o Ttou Ttpospxsxav and xo xpsvo Kav 
xov pxo nou cpxavsv and avdicEaop . Ov ouxvoxpxsc xcov Suo 
f|x©v otuoc xouc avxvEap(3dvsxav svvav lose; Av oxv, Ttovoc ano 
xouc fjxouc Ttou aKoust sxsv peyaEuxspp ouxvoxpxa; 
y) 'Evac Ttapaxpppxpc Ttou PpvoKsxav Kovxa oxic ypappsc Kav 
Ttvaco and xo xpsvo okousv Kav auxoc Suo ty/ouc. Ov 
ouxvoxpxsc xcov ouo f|x©v Ttou aKovvsv svvav (osc; Av oxv, Ttoioc 
and xouc; pxouc; sxsv psyaEuxspp ouxvoxpxa; 



AEKHEEE 



Kpouosii; 

5.22 BEppa pdCac m=0,4 kg Kvvsvxav opicovxio. ps xaxuxpxa tp=400 m/s. To 
PEp pa oxpv Ttopsva xou auvavxasi acopa pacac M= 2 kg Ttou pxav 
aKvvpxo as opicovxio sTtutsSo, xo SvaTtspva Kav Pyavvsv ps xaxuxpxa 
t»2=300 m/s. O auvxsEsaxpc; xpvppq oElaBpapc xou acopaxoq M, ps xo 
opicovxio sTtutsSo svvav 0,5. NauTtoEoylasxs: 

a) xpv xaxuxpxa xou acopaxoq M, apsotoc psxa xpv Kpouop. 

P) xp ppxavucp svspysva Ttou xdOpKs Kaxa xpv Kpouop. 
y) xo Svaoxppa Ttou 0a Siavuasi xo M psxpv va oxapaxpasi. 
Avvsxavg=10 m/s 2 ' 

[Att: 20 m/s, 13.600 J, 40 m ] 

5.23 Icopa pailac m Ttou Kvvsvxav ps xaxuxpxa v= 1 2 m/s ouyKpousxav psxco- 
TtvKa Kav sEaoxiKa ps aKivpxo acbpa xputEdoiac pdcac. Na wtoEoyi- 
oxouv ov xaxuxpxsq xcov acopaxcov psxa xpv Kpouop. 

[Avt: 6 m/s, 6m/s avxvOsxcov KaxsuOuvascov ] 

5.24 Auo cipaipsc ps pdese m l =10 kg ko.i m 2 =20 kg Kvvouvxav ps 
avxvOsxp ipopa Ttavco oxpv v8va suOsva ps xaxdxpxsc V ] =3 m/s Kav 
V 2 = 2 m Is , avxvaxovxa, Kav ouyKpouovxai TtEaoxucd. Na Ppsvxs xpv 
xaxuxpxa xou auaacopaxojpaxoc Kav xo Ttooooxo xpe KvvpxvKpc svsp- 
ysiac xou ouoxppaxoc Ttou xdOpKs Kaxa xpv Kpouop. 

[An: 0,33 m/s , 98 %] 

5.25 Icpaipa (1) pdcac m x =1 kg TtpooTturtsi ps xaxuxpxa V ] os aKtvpxp 
acpavpa (2) Kav auyKpousxav sEaoxuca Kav Ksvxpuca ps auxp. Msxa xpv 
Kpouop p ( 1 ) Kvvsvxav ps xaxuxpxa psxpou v[ = V) l l3 . nova TtpsTtsv va 
svvav p pa^a m 2 xpe aipavpaq (2) ©oxs 

a) H Uj svvav opoppottp xpe U, . P) H v' svvav avxvppoTtp xpe ■ 
[An : 0,5 kg, 2 kg ] 
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5.26 Ecp a lP a pd£ac in , =2 kg nou Kivslxai ps xayuxpxa ip=4 m/s auyKpous- 
xai psxconiKa Kai s^aoxvKa ps d/Ap acpalpa pdCac niT=A kg nou Kivsv- 
xav Ttpoq xr|v npcbxp (is xayuxpxa o 2 =5 m/s. Na UTVo^oyvcsxs xiq 
xayuxpxsc xcov acopaxcov psxa xr| auyKpouap. 

[An: 8 m/s, 1 m/s ] 

5.27 Ecpavpa pdCac m l nscpxsi ps xayuxpxa II, as aKivpxp acpalpa pd£ac 
m 2 Kav auyKpousxai s^aaxvKa Kav KsvxpiKa ps auxp. Ilova npsnsi va 
svvav i] aysap psxacu xcov m ] Kav m 2 coaxs psxa xpv Kpouap p 
acpavpa m 2 va sysi psyvaxp KivpxiKp svspysia; 

[An : /«, = m 2 ] 

5.28 'Oxav sva Kivoupsvo vsxpovvo auyKpouaxsl ps aKivpxo nuppva yavsi 
pspoc xpc KivpxiKpc xou svspysiaq Kav snvPpaSuvsxai. Tv noaoaxo xpc 
KivpxiKpc xou svspysiaq yavsi xo vsxpovvo av auyKpouaxsl a) ps nu- 
ppva npcoxlou (,'// ), P) ps nuppva Ssuxeplou (, // ) Kav y) ps nuppva 
p?aou {tile ) ; Ov Kpouasic Oscopouvxai s^aaxvKsq. 

[An: 100%, 88,9%, 64% ] 

5.29 Auo acpalpsc ps pdCsc in , = 6 kg Kav m 2 = 4 kg , Kivouvxai axo opi- 
Covxio snlnsSo, ps xayuxpxsq V, =8 m/s Kav l) 2 = 9 mis koOexec 
( u:xa£i) xouc, Kav auyKpouovxai nnaaxik'd. Na unoAoyiasxs: 

a) xpv Koivp xouc xayuxpxa psxa xpv Kpouap. 

P) xp psxaPo^p xpc KivpxiKpc svspysvaq xou auaxppaxoc. 

[An : 6 m/s, scp0=3/4, -174 J] 

5.30 HuAivp n/axa ps pd£a M= 5 kg svvav 8spsvp ano aKovvv Kav Kpspsxai 
KaxaKopucpa. 'Eva (3A,ppa ps pd£a wj=50 g Kav opiCovxia xayuxpxa 
vu i=520 m/s yxuna xpv n/axa axo Ksvxpo xpc xp Sianspva Kai Pyavvsv 
ps xayuxpxa d 2 =80 m/s. H anoaxaap xou Ksvxpou xpc n/axaq ano xo 
appslo onou svvav Sspsvo xo aKowl svvav 1=2 m. Iloao 0a SKxpansl xo 
aKoivl and xpv KaxaKopucpp Osap; Avvsxai g=10 m/s 2 , ©scoppaxs oxv p 
nMKa apyiCsi va Kivslxai oxav xpv sysi Sianspaasi xo (I dp pa. 

[An : nspvnou 60° ] 

Kivfjo£i<g <T£ a5pav£iaKa auaxrjpc/Tc/. 

5.31 'Eva noxapondoio Kivsvxav ps xayuxpxa o=20 km/h coq npog xo vspo. 
To psupa xou noxapou sysi xayuxpxa 5 km/h. Is noao ypovo 0a Kavsi 
xo noxapondoio xp SiaSpopp ABA, onou A Kav B Suo nodsiq nou ans- 
youv 24 km psxa£u xouc; 

[An: 2,56 h ] 

5.32 O nidoxoq svoc aspondavou nou Kivsvxav Popsva ps xayuxpxa 400 m/s, 
avxi/.apPcn'Exai ps xo pavxap xou ova dkko asponddvo nou Kivsvxav 
avaxoAiKa ps xayuxpxa 300 m/s. Ilova svvav p xayuxpxa xou Ssuxspou 
aspondavou coq npoq xp Tp; 

[An: 500 m/s, scp0=4/3 ] 
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5.33 Es aSpavsiaKo aoaxppa E svac napaxpppxpc napaxppsl to ipaivopsvo 
xr|q Kpooapq oVoc, acopaxoc pd£aq m=2 kg noo Kivslxai Kaxa xr| Siso- 
0ovor| x, ps xaxoxpxa v=6 m/s Kai aoyKpoosxai nnaaxiKa ps aXko aKi- 
vr|xo acbpa pdCaq M= 4 kg. a) Y noA-oylcxs xr|v xaxoxpxa tod aoaaco- 
paxcopaxoc noo npoKonxsi ano xr|v Kpooap, oncoq xp psxpasi o napa- 
xpppxpc axo E. P) Asl^xs oxi Kai svaq napaxpppxpc noo Kivsvxai Kaxa 
xpv SisoOovap x ps xaxoxpxa u= 2 m/s, napoko noo avxiAapPdvsxai 
SiaipopsxiKa tic xaxoxpxsc xcov acopaxcov npiv Kai psxa xpv Kpooap, 
aopipcovsl ps xov npcbxo oxi p oppp Siaxppslxai. 

[Ait: 2 m/s ] 



Kf-vrpo pdCac - E/stiksc Kivrjasic 



5.34 Tpsic opoysvsic acpaipsq syoov pdCsc 20 kg , 20 kg , Kai 30 kg Kai 
xa Ksvxpa xooc ax a appsla 0, 1), (2, 2) Kai (3, l) too snmsSoo xy. 
Na npoaSiopiaxoov oi aovxsxaypsvsq too Ksvxpoo pddac too aoaxp- 



paxoc; xcov acpaipcov. 
f \5 9 3 



[An : 



7 7 



5.35 Asps ao%va oxi p Tp nspiaxpsipsxai yopco and xov 'HAao. To aKpiPsq 
sivai oxi p Tp Kai o 'I I/aoc nspiaxpsipovxai yopco and to Ksvxpo pddac 
xooc. Na ppsixs as noap anoaxaap and to Ksvxpo too 'HAaoo PplaKs- 
xai to Ksvxpo pdCac too aoaxppaxoq Tp - 'I I/aoc Kai va aoyKplvsxs 
xpv anoaxaap aoxp ps xpv aKxiva too 'HAaoo. Alvovxai p papa xpc 
I pc m T =5,98xl0 24 kg, p papa too 'H/aoo m H =l,99xl0 3l) kg, 
p aKxiva too 'HA,ioo R H = 6,96 X 1 0 s m Kai p SiaKsvxpoq I pc - 
'HA,ioo d = l,49xlO u m . 

[An : 4,48 X 1 0" m ] 



5.36 Expv aKpp piac aKi'vpxpc [IdpKac ps papa M= 120 kg Kai ppKop 5=6 m 
axsKsxai dvOpconoc ps papa m=60 kg. Na onoAoylasxs noao 0a Kivp- 
0sl p PapKa av 0 dvOpooioc KivpOsl (aid xp pia aKpp xpc [IdpKac axpv 
aAAp. Oi xpi(lsc psxa^o [IdpKap Kai vspoo Oscopoovxai apsA/pxssp. 

[An : 2m] 

5.37 Ta Kaoaaspia Pyaivoov ano sva nopaoAo noo Kivslxai axo Siaaxppa 
ps po0po dm! dt = 140 kg I s Kai aysxiKp xaxoxpxa u = 1000 ml s 
ojc npoc xov nopaoAo. Na onoAoylasxs xpv npooiaxiKp Sovapp too no- 
pao/.oo Kai xpv snixaxovap too Kanoia xpovucp axiypp noo p papa 
too sivai M = 10 ton . 

[An : 140.000 A, 14 m/s 2 ] 
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5.38 'Evae ftupauAoc xa^v 8 susv axo Svdoxppa Kav Kdftova xpovvicp Gxvypp t/y\ 
pdCa 4 000 kg , paCi ps xa Kauovpa xou. H xaxuxpxa ps xr|v oftova skxo- 
csuovxav xa Kauoaspva sivav 1 500 ml s me rcpoq xov ftupauXo. Ilooa kg 
Kauoaspvmv npensi va aftopdAlsv ava SsuxspoA^ftxo o ftdpaivAoe cboxs va 
aftOKxpasv cxvypvaia sftvxaxuvop 1 5 m ! s 2 . [Att : 40 kg ! s ] 

OaivojiEvo Doppler 

5.39 Ms ftocp xaxuxpxa Ttpsftsv va aftopaKpuvsxav ftapaxpppxpc axto pva 
aKvvpxp ftpyp pxou cooxs va okousv pxo ps ouxvoxpxa vap ps xa swsa 
SsKaxa xpe ouxvoxpxae xou pxou ftou wapaysv p ftpyp; H xaxuxpxa 
xou pxou exov aspa sivav 340 m / s . 

[Arc : 34 ml s ] 

5.40 'Evaq ftapaxpppxpq, ftou sivav aKvvpxoq oxpv aicpp xou Spopou, 
avxiAapfidvsxai xov pyo xpe osippvac svoe ftspvfto/aKou ftou 
TtApoidCsi, ps ouxvoxpxa /j=500 Hz. 'Oxav xo ftspvftoAaKo 
aftopaKpuvsxav, o pyoc ftou okousi o ftapaxpppxpc t/yv ouxvoxpxa 
f 2 =450 Hz. Ms ftova xaxuxpxa Kvvsvxav xo ftspiftoAiKo Kai nova sivav p 
ftpaypaxvKp xou pxou xpe osippvac; H xaxuxpxa xou pxou axov aspa 
sivav 340 m/s. 

[Aw: 17,9 m/s, 473,7 Hz\ 



ITPOBAHMATA 



5.41 Mva avpaipa ouyKpousxai sAaoxued ps aA.A.p opova ovpaipa ftou apxvKa 
ppspsi. Asters oxv av p Kpouop Ssv sivav KsvxpvKp, psxa xpv Kpouop 
ov otpaipsc 0a KivpOouv as SisuOuvosic KdOsxsc psxacu xouq. 



M 



K 

JUL8..SlS.iU.S^ 



5.42 



Sx- 5.32 



'Eva pA.ppa ps pdCa m=50 g Kvvsvxav opteovxta ps xaxuxpxa u=200 m/s 

Kav ovppvcbvsxav as cvj/.o ps pdea M= 950 g ftou sivav aKvvpxo as asio 

opteovxto xpafts^v (ax- 5.32). H oxaOspa xou sA.axppvou sivav 

K=\0000N/m. Na uftoA.oyvosxs: 

a) xp psyioxp ouoftsipmop xou sAaxppiou 

p) xo ftOGOGxd xpe ppxaviKpe svspysiac; ftou xdOpKs. 

[Aft: 0,1 vn 95% ] 



5.43 'Eva P/.ppa ps pdea m= 20 g Kvvsvxav opteovxta Kav Gcppvcbvsxav gs 
Koppaxv quAou ps pdea M= 1 kg xo oftovo sivav Sspsvo gs KaxaKopuepo 
gkovvv ppKoue 1 m. Msxa xp odyKpouop xo vppa SKxpsftsxav ano xpv 
KaxaKopuepo Kaxa ycovva 0=60°. Na uftOAoytoxsi p ppxavvKp svspysva 
ftou xdOpKs Kaxa xpv Kpodop. Avvsxav g=10 m/s 2 . 

[Atv: 255 J] 



5.44 'Eva ocbpa ps pdila up =20 kg vcoppoftsi gs ftAdyio sftiftsSo ps K/aop 
<p= 30°. 'Eva 8sdxspo am pa ps pdea /??2=30 kg ftou avsPavvsv gxo nka- 
yvo sftiftsSo, ouyKpousxai jiAaoxiKd ps xo Ttpcoxo t/yvxaz xaxuxpxa 
v= 1 0 m/s. O ouvxsAsoxpe xpippe o/aoOpopc psxa^vv oi)ooa)paxd)paxoe 
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kcu STtutsSoo Eivai V3/3. Na imoXoyioEXE xo Siaoxripa Ttoo Siavosi 
xo oooo©pax©pa psxpi va oxapaxpoEi. 0 a s 7 tioxpsi|/si xo oooo©pa- 
x©pa axr| Paor| xoo 71X67100 stuttsSoo; Aivsxai g= 10 m/s 2 . 

[Aji : 1 , 8777 , oxv ] 

5.45 A710 xr|v Kopocpf| 71X67100 stuttsSoo, 7too e/ei pr|Koq 5=4,2 m Kai 

o'/jipaxiCsi ps xo opiCovxio stutesSo y©via <p= 30° acpf|vsxai va o/aaOf)- 
osi ocopa ps paCa 777= 1 kg, xcopiq xpipi). Kaxa xr|v KaOoSo xoo Kai ev© 
sxsi Siavoosi Siaoxripa 5 i=1,6 m oovavxa aKvvr|xo ocopa xpc iSiac pa- 
Caq Kai GoyK'poosxai 7tA.aoxiKa ps aoxo. To oooo©pax©pa 7too Srp 
pioopysixai a7to xr|v Kpoooi] oA.io0aivsi gxo 77X6710 s7ti7rsSo Kai cpxavsi 
gxt| paGr| xoo ps pi]SsviKf| xaxoxr|xa. Na OTroXoylosxE: 
a) xo govxeXegxti xpippc oXiG0r|cr|c xoo oooompaxcopaxoq ps xo 
71X6710 stutteSo. 

P) xr| GovoXiKf| 0 £ppoxr|xa ttoo 7tapdx0r|Ks Kaxa xr| SiapKsia xoo 
cpaivopsvoo. 

Aivsxai g =10 m/s 2 . 

5J3 

[Ati: — , 34 J ] 

13 



5.46 Aspooxaxo pa^aq M ai©ps(xai (looppoTtsi) ge oi|/oq H ano xo ESacpoq. 
Att6 xo aspooxaxo Kpspsxai pia avspoGKaXa 7too cpxavEi psxpi to 
EPacpoc. Xxo Kax© aKpo xr|q avspoGKaXaq oxsksi evuc dvOpcoTtoc ps 
pa£a 777 . Av 0 avOpcoTtoq apxiosi va GKapcpaXcovEi, 0710 X 07 (oxe 7:600 
0a KaxsPsi xo aspooxaxo psxpi va cpxaosi o' aoxo. Aivovxai M, m. H. 
m 

[An: H ] 

m + M 



5.47 



5.48 



Xtopa paCac 777 , sxei xaxoxpxa v 0 Kai TtpooKpooEi ge aKivpxo ocopa 
paCaq 7772 “2777 1 7COO ppiOKSXai GE 07100X001] X=1 777 (o%. 5.33). Msxa 
XX|V KpOOGT], 7100 ElVOl sXaOXlKl], XO Ttpcbxo G©pa £7tlGXp£(p£l Kai oxa- 
paxa oxi] v apxiKi] xoo 0soi]. O guvx£Xeoxi]c xpippc oX(oOi]oi]c x©v 
8oo o©pax©v ps xo SaitsSo Eivai /7=0,5. NaoTtoXoylosxE: 
a) xx|v apxiKi] xaxoxr|xa v a xoo Ttpcoxoo oo'ipaxoc. 

P) xo Sidoxppa Ttoo 0a Siavoosi xo Seoxspo ocopa psxpi va 
oxapaxposi. 

AlvExai g= 1 0 m/s 2 . 

[A7t: 10 777 / 5 , 4 777 ] 

EXaxf|pio oxa0spd K=200 N/m PpiGKsxai Ttav© ge Xsio TtXayio etiItieSo, 
ps kXIgt] <p=30°, ojicoq gxo oxppa 5.34 Xxo Ttav© aKpo xoo sXaxriploo 
iGoppoTisl ocopa ps paCa 7772 = 1 kg ev© xo Kax© aKpo xoo Eivai 
oxspscopEvo ge aKXovi]xo Gi]p£io. Atio xo oripslo A Ttoo aTtsxsi aTtooxaoi] 
1=4 777 ano xo m 2 acpf|vsxai va oXio0r|osi ocopa pdcac m t =m 2 /3. To 7771 
KaxsPaivovxac ooyKpoosxai psxwTUKd Kai sXaoxiKa ps xo tn 2 . Na 
OTtoXoyioxsl ge Ttooi] aTtooxaoi] ano xo oi]pslo xpc ooyKpoooriq 01 
xaxuxi]X£.q x©v /?7, Kai m 2 oxiypiaia 0a pr|Ssvioxo6v. Aivsxai g= 10 m/s 2 . 

[A7t: lm, V5xl0~' m ] 



> 



m, 



m 2 



< 



5.33 




SX- 5.34 
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5.49 To advpa X 2 too cxppaxoq 5.35 sxsv pdqa »i 2 =4 kg Kav PpvGKsxav wav© as 
Asvo opiCovxvo SawsSo. Ildvco axo X 2 PpvGKsxav Ssoxspo cavpa Z| woo k/jn 
pdqa m i=950 g. To swvwsSo C7xatpf|c xcov a©pax©v X|, X 2 svvav opicovxio Kav 
o aovxsAsaxpq xpvPpq psxa£,6 xooc svvav //=(), 5. Xxo Zi acppvrovsxav sva 
PAppa, pdcac m B = 50 g Ttoo Kvvsvxav ps opvqovxia xaxoxpxa v H = 1 00 m/s. H 
Xpowicp SvapKsva xpc Kpooapq xoo pAppaxoc ps xo acopa X| 0s©psvxav 
apsApxsa. 

a) nova svvav p kovvt| xaxoxpxa woo awoKxoov xa ocopaxa X h X 2 ; 
P) noop, oovoAvkoi, Bsppoxpxa psxacpspsxav axo wspvP&AAov; 
y) Msxa awo wooo ypovo awo xp axvypp xpc Kpoocpq xa ocopaxa 
Zi Kav X 2 awoKxoov Kovvp xaxoxpxa; 

8) noao psxaKvvpBpKs xo Z| wav© gxo acopa X 2 psypi xp axvypp 
aoxp; 

Avvsxavg=10 m/s 1 . 

[Atv: 1 m/s, 248 J, 0,8 s, 2 m] 

5.50 Xs opv^ovxvo Spopo Kvvsvxav av0p©woq ps xaxoxpxa Oi Kpaxcovxaq 
opwpsA.a, yva va wpovpoA,axxsv ano xp ppoyp woo wscpxsv KaxaKopocpa 
ps xaxoxpxa o 2 . nova svvav p KaxaAApAp 0sop xpc opwpsA,aq yva xp 
psyaAoxspp Sovaxp KaAo\|/p; 

[Atv: £(j)d = — ] 

V, 

5.51 'Evac poxo oo KAsxvaxp c woo ppvGKsxav gs awocxaop d = 400 m ano 
pva aKvvpxp pxpxvKp wpyp aoxvoxpxaq 540 Hz Kvvsvxav wpoc avvxp ps 
GxaOspp swvxaxovop. H aoxvoxpxa xovv pxoo woo avxvAapPavsxav xp 
axvypp woo cpxavsv Gxpv wpyp svvav 603,5 Hz . Na owoAoyvosxs xpv 
swvxaxovop xoo Kav va wapaaxpasxs ypacpvKa xp aoxvoxpxa woo avxv- 
Aapfldvsxav o poxoaoKAsxvcxpc as oovapxpap ps xo xpovo. 

H xaxoxpxa xoo pxoo axov aspa svvav 340 mis. 

[Aw : 2 m/s 1 ] 

5.52 Mva pxpxvKp wpyp Kvvsvxav ps xaxoxpxa 8 km/h Kav SKwspwsv pxo 
ooxvoxpxac 400 Hz. 'Evac wapaxpppxpc woo Kvvsvxav ps xaxvvxpxa 
54km/h, aKoAoo0sv xpv pxpxvKp wpyp. Na owoAoyiosxs xp aoxvoxpxa 
woo aKoosv o wapaxpppxpc. Avvsxav p xaxoxpxa xoo pxoo 340 m/s. 

[Aw: 415 Hz] 

5.53 XiSppoSpopiKoc owdAApAoc PpvGKsxav axp psop piac yscpopac ps ppkoc 
1000 in, oxav [1/xwsi as awooxacp 1500 m pva apacocxovyja, va wApoidCsi 
ocpupicovxac. H aoxvoxpxa xoo pxoo woo aKovvsv svvav 360 Hz svdv Acpsi oxv 
p wpaypaxvicp aoxvoxpxa svvav 340 Hz. I va va awocpvvysv xov kvvSovo 
Kvvsvxav laoxaxcoc Kav Kaxacpspvsv va cpxaosv axpv aKpp xpc yecpopaq, xp 
axvypp woo cpxavsv Kav p apacocxovxva. Y woAoyioxs xp aoxvoxpxa xoo pxoo 
woo aKooys o owaA2.pA.oq axp SvapKsva xpc idvpapq xoo. 

[Aw: 355 Hz ] 
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HXOKAPAIOrPAOIA DOPPLER 



Ov yvaxpov xpilovpoTiovovvv xouc wrsppxovvq yva SvayvmaxvKovvc; oko- 
wovvq. Ov vvwsppxov svvav pxov ps avvxvoxpxa 7iav© and 20.000 Hz. To 
avBpcbJuvo avpxv 8s p7topsv va avxvA.pvp0sv xsxovsq avvxvoxpxsq. Ov vvjrsppxov 7tovv 
XPpavpo7tovovvvxav axpv vaxpvicp sxovvv avvxvoxpxa Kovxa ax a 2 MHz. 

Ov vvnsppxov sxovvv xr| Svvvaxoxpxa va <r/j] pax (Coo v axsvsq Ssapsq, 
vvjraKovvovvv axovvq vopovvc xpc; avdKAaapc Kav xpc; SvdOAaapc Kav pwopovvv va 
avaicAojvxai as sp7i68va 7toAi) pucpavv Svaaxaasrov. Ta sp7i68va avvxa pwopsi va 
svvav axaOspd (tlx- xa xovx©paxa xovv ayysvrov, svaq /aOoq axr| xoA.pSoxo kvv- 
axr| k.ajv.) f| Kvvrjxa ( n.%. xa spvvBpa avpoacpavpva). 








Eik. 5.10 Ado Siaaxaascov r>7isppxoypd(pp|va Doppler ps xpcopariKii x a P T °yP ( v ( P 1 l CTI l pop? svd? 
aaOsvod? ps spcppaKio psaoKoPaaKoiv Siacppaypaio?. H avcbpaXp pop (|3sXo?) SiaKpivsxai oav 
7topTOKaX6xpori5 mSctKa? ps pop cuto rpv apiaxspp KoiXia 7tpo? rpv 8s^ia nXsvpd ip? KapSia?. 
RA=8sl;i6? ko^ko?, LA=apiaTspo? koXjio?. 



Xxpv p xo k a p 8 toy p acpv a Doppler ov rmsppxov avaicA.d)vxav as Kvvpxa 
sp7to8va. Oxav pva Ssapp vv7isppx©v avvvavxpasv sva spnoSvo, sva pspoq xpq 
svspysvaq now psxacpspsv avaKAdxai, sjuaxpscpsv opAaop axo apxvKO psao. Av 
i] avdk‘Aaar| yvvsv jvuvov as aKvvpxo sp7vo8vo xo Kvvpa now sjuaxpsvpsv sxsv xpv 
vSva avvxvoxpxa ps xo apxvKO Kvvpa. Av opovq p avai<Aaap yvvsv as Kvvpxo 
spnoSvo i] avvxvoxpxa xovv avaKAcdpsvovv Kvvpaxoq 0a svvav pvKpoxspp f| psya- 
Avvxspp ano xpv apxvKp avvxvoxpxa, avaA.oya ps xo av xo spwoSvo aravpaKpvvvs- 
xav f| 7iApaidCsi xp oidxacp now Kaxaypacpsv xpv aAwAcivpsvp Ssapp. H Sva- 
vpopa xovv avvxvoxpxrov xpq Ssappq now smaxpscpsv Kav xpc apxvKpq Ssappq A,s- 
ysxav avvxvoxpxa Doppler. H avvxvoxpxa avvxf| avvvSssxav ps xp avvxvoxpxa xpc; 
apxik'pc osappc Kav xpv xaxoxpxa xovv spwoSvovv ps xp axsap 
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fs = 2 /, 



vow 9 



c 

('molt f p aoxvoxpxa xpc apyiKpc Ssappq, v r| xaxoxpxa xcov avpoacpavpvcov, c p 
xaxoxpxa oidooapc xcov oitsppxcov Kav 6 r| ycovia Ttoo axppaxv^si r| xaxoxpxa 
xoo sp7toSioo ps xov aqova xpc Ssappq. 

Ano xr| cxsap aoxp cpavvsxav oxi sivav Sovaxoq o npoaSiopicpoc xpc 
xcr/oxpxac xoo spnoSloo av svvav yvcoaxp r| xaxoxpxa oidooapc xoo pxoo, r| 
aoxvoxr|xa Doppler Kav p ycovva 0. Ha xpv xsAsoxaia, S7tsv8p axp cxsap ottsi- 
aspxsxav xo aovpplxovo xpc, va 0opp0oops oxv yva piKpsq xipsq xpc ycoviac 
(0<2O°) xo aovpplxovo 7tavpvsv xipsc Ttoo 7ipoosyy(Coov xp povaSa. 

'Exav, svvav Sovaxoc o 7tpoa6iopiapck xpc xcr/oxpxac xcov spo0pcov av- 
poacpaiploov Kav S7topsvco<; p xaxoxpxa pope; xoo avpaxoq ax a avpocpopa ayysva. 
Av, ps aAAp ps0oSo, TtpooSvopvcxsv Kav p Svaxopp A xoo ayysvoo svvav Sovaxo 
va TtpoaSvopvaxsv p Ttapoxp xoo ayysvoo ano xpv onova aovayovxav aopttspa- 
apaxa yva xp Asixoopyia xpc Kapoidc. 

O Ttpoaoiopicpck xpc napo/pc yvvsxav as psyaXpc Svaxoppc; ayysva, 
ojtoo p pop xoo alpaxoc pnopsl va 0scopp0sv axpcoxp Kav p xaxoxpxa o/aov xcov 
avpoacpavpvcov ISia. Xxa ayysva piKppc oiaxoppc p xaxoxpxa xpc KsvxpiKpc 
psopaxiKpc ypapppc svvav appavxvKa psyaAoxspp ano xpv xaxoxpxa Ttoo avxv- 
axovxsv as appsla Kovxa axa xovxoopaxa xoo ayysvoo. 

Msaco xpc pxoKapSioypacpiac Doppler svvav Sovaxoc o apsaoq ttpoo- 
oiopiapck xpc oiacpopdc xtisapc (p a/Jncoc xpc [kvOploac Ttisapc) as nspioyik 
Ttoo xa ayysva 7tapooaidCoov axsv coasic. Xxpv TtsptTtxcoap aoxp p pop yvvsxav 
xopPo')8pc Kav p xaxoxpxa xoo aipaxoc Ttpvv xp axsvcoap Kav psxa ano aoxp 8sv 
svvav ISia. 
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